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The  Effects  of  Noise  Upon  Certain  Psycho- 
logical and  Physiological  Processes 

I.  Introduction 

The  publication  in  1930  of  the  New  York  City  Noise  Abatement 
Commission's  report  on  City  Noise  was  an  important  event  in  the 
study  of  this  problem.  It  marked  the  awakening  of  a  wide-spread 
popular  interest  in  a  question  which  has  for  many  years  interested 
scientific  workers  in  the  fields  of  psychology,  physiology,  and  medi- 
cine: the  question  of  the  effects  of  noise  upon  the  human  organism. 

In  what  way,  if  at  all,  does  the  organism  react  to  stimulation 
by  sounds?  Is  the  effect  dynamogenic  or  otherwise?  Does  the 
body  respond  with  an  increased  output  of  energy;  with  a  decreased 
output,  or  does  it  remain  unaffected?  If  the  energy  expenditure 
is  increased,  does  this  result  in  greater  efficiency,  or  is  this  extra 
energy  used  up  in  overcoming  the  distracting  effects  of  the  nol 
These  are  only  a  few  of  the  problems  which  at  once  confront  the 
investigator  who  enters  this  field. 

As  a  problem  in  experimental  psychology,  noise  has  occupied  a 
prominent  place  since  the  days  of  Wundt  and  his  students  at  Leip- 
zig. There  the  studies  of  distraction  grew  out  of  the  old  reaction- 
time  experiment,  and  were  carried  into  the  investigations  of  the 
more  purely  "mental"  processes:  attention,  reasoning,  etc.  An- 
other and  an  older  aspect  of  the  problem  which  has  been  taken  over 
largely  from  physiology,  is  the  effect  of  various  kinds  of  noises  upon 
such  processes  as  the  heart  beat,  blood  pressure,  respiration,  and 
the  like.  More  recently  has  come  the  question  of  its  effect.s  upon 
"general  efficiency,"  as  in  the  case  of  office  workers,  for  example. 

In  the  experiments  which  we  are  about  to  describe,  wo  have  ap- 
proached the  problem  of  noise  from  the  standpoint  of  physiological 
psychology.  Recognizing  the  importance  of  the  relationship  be- 
tween psychological  and  physiological  processes,  we  have  songhl  to 
take  a  complete  and  well  rounded  view  of  our  problem.  In  con- 
nection with  measurements  of  mental  activity,  we  have  traced  and 
measured,  so  far  as  it  lay  in  our  power,  some  leading  physiological 
concomitants  of  this  activity,  namely,  energy  metabolism,  respira- 
tion and  heart  rate.  With  the  aid  of  these,  we  have  sought  to  com- 
pute the  effects  of  noise  on  the  efficiency  of  our  subjects  while  solv- 
ing  simple   problems   in   addition.     By   means    of    the    latter    we 
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obtained  an  exad  measure  of  output,  while  the  former  yielded  good 
indications  as  to  the  energy  expenditure. 

Our  procedure  involved  the  collection  of  "control"  data  on 
days  when  no  noise  at  all  was  present  to  serve  as  a  basis  of  com- 
parison for  the  results  which  were  obtained  on  days  when  noifl 
used;  and  the  differences  observed  have  been  attributed  to  the 
effects  of  the  noise.  Moreover,  by  continuing  our  experiments  over 
a  sufficiently  long  period  of  time,  we  were  able  to  follow  certain 
changes  which  took  place  in  these  differences  themselves,  and  these 
changes  mark  the  course  of  our  subjects'  adjustment  to  the  noise 
stimulation. 

Thus  OUT  aim  in  this  investigation  has  been  two-fold:  first,  the 
study  of  tin1  immediate  effects  of  certain  kinds  of  noises  upon  indi- 
viduals engaged  in  mental  work;  and  second,  the  tracing  of  any 
possible  adjustment  or  adaptation  on  the  part  of  the  subjects  when 
the  experiments  are  extended  over  a  period  of  weeks  or  months. 
This,  of  course,  involves  the  presentation  of  rather  detailed  and 
extensive  day-to-day  results;  and  in  this  respect  as  much  as  in  any 
other,  lies  the  greatest  advance  of  this  study  over  other  invests 
t ions  dealing  with  the  energy  cost  of  noise. 


II.  Review  of  the  Literature 

Investigations  dealing  with  the  effects  of  various  kinds  of  noi 
upon  individuals  have  been  as  varied  as  the  interests  and  points  of 
view  of  the  investigators  themselves.  In  the  majority  of  the  earlier 
studies,  however,  the  interest  centered  around  some  one  particular 
aspect  of  the  problem,  such  as  the  subjective  effects  of  noise,  the 
effect  of  noise  upon  reaction-time,  upon  heart  rate,  and  the  like, 
with  little  attempt  to  relate  these  changes  to  the  more  fundamental 
changes  occurring  in  the  organism.1 

In  the  present  review  we  shall  confine  ourselves  to  the  few,  com- 
paratively recent  studies  which  have  been  carried  out  from  view- 
points closely  approximating  our  own ;  namely  that  the  effects  of 
noise  are  more  wide-spread  than  any  single  process  within  the 
human  organism,  and  that  the  ultimate  solution  of  the  problem  is 
to  be  arrived  at  not  through  the  study  of  output  alone,  but  through 
the  investigation  of  concomitant  energy  expenditure  or  "cost"  of 
the  work,  and  the  relating  of  "cost"  to  output. 

The  earliest,  and  probably  the  most  systematically  planned  of 
all  the  experiments  of  the  type  we  have  just  described,  was  per- 
formed by  Morgan  in  the  Columbia  laboratory  in  1916  (25). 
Morgan  was  interested  in  investigating  the  effect  of  noise  upon  a 
complex  mental  process,  which  was  not  susceptible  to  a  great  deal 
of  improvement  through  practice,  and  which  required  constant 
attention  on  the  part  of  his  subjects. 

To  this  end  Morgan  constructed  an  apparatus  which  involved 
the  translation  of  letters  into  numbers  by  means  of  a  complex  code 
which  was  exposed  to  the  subjects.  They  responded  to  the  expo- 
sure of  a  given  letter  by  glancing  at  the  code  before  them  and  press- 
ing the  proper  key  of  a  typewriter,  specially  adapted  for  the 
purpose.  Each  subject  worked  at  the  task  for  an  hour's  sitting. 
and  records  of  reaction-time,  errors,  breathing,  and  the  force  with 
which  the  keys  were  struck,  were  taken.  The  Last-named  Morgan 
considered  his  most  reliable  measure,  inasmuch  as  it  was  taken 
without  the  knowledge  of  any  of  his  eight  subjects. 

Nine  different  sources  of  noises  were  used  in  the  experiment, 
including  bells,  buzzers,  and  hammers  of  all  kinds;  an  eight-inch 
fire  gong;  and  a  set  of  phonograph  records.  These  sounds  were 
used  singly  and  in   various   combinations   throughout    the   noisy 

i  An  excellent  review  of  all  the  literature  bearing  upon  the  general  prob- 
lem of  the  effects  of  noise  was  published  l>y  Diserens  in  1027   (_9). 
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periods,  which  were  interpolated  between  intervals  of  quiet  during 
a  given  sitting. 

An  mentioned,  eight  subjects  served  in  the  investigation.  The 
time  records  showed  that  when  the  noises  were  first  introduced,  they 
caused  a  retardation  in  the  speed  of  the  work.  This  slow  period, 
however,  was  followed  by  an  acceleration;  and  in  some  cases  the 
subjects  even  exceeded  the  speed  they  had  made  during  the  quiet 
periods.  When  the  noises  ceased,  a  second  retardation  occurred; 
and  similar  results  were  obtained  in  other  noisy  periods. 

The  records  of  errors  made  by  the  subjects  revealed  nothing  of 
significance,  as  the  errors,  both  before  and  during  the  noise,  were 
too  few  to  mean  anything.  At  any  rate,  the  noises  had  no  adverse 
effect  upon  the  quality  of  the  work  done. 

Morgan's  data  on  the  breathing  of  his  subjects  during  the  ex- 
periment were  highly  interesting.  Breathing  curves  were  taken 
continuously,  by  means  of  a  pneumograph,  and  I/E  ratios  were 
computed.  It  was  found  that  marked  changes  in  these  ratios 
occurred  during  the  noisy  periods;  and  examinations  of  the  breath- 
ing  curves,  as  well  as  the  observations  of  the  subjects  themseh 
showed  that  articulation  was  being  used  in  an  effort  to  overcome 
the  distraction.  In  most  cases  this  device  was  not  hit  upon  at  once, 
but  usually  appeared  for  the  first  time  at  about  the  middle  of  the 
noisy  periods. 

The  key-pressure  records  showed  very  definitely  that  the  sub- 
jects struck  the  keys  with  considerably  more  force  in  a  noisy  than 
in  a  quiet  situation.  At  the  end  of  the  noisy  periods,  moreover, 
the  key-pressure  dropped  once  more  to  "normal." 

These  last  findings  throw  a  great  deal  of  light  upon  the  nature 
of  the  whole  problem  of  noise.  Were  we  to  consider  only  the  rec- 
ords for  output,  speed,  and  accuracy,  we  would  be  tempted  to  say 
that  the  noise  produced  a  beneficial  effect,  or  no  effect  at  all  upon 
the  subjects.  The  breathing  curves,  however,  show  that  there  was 
a  definite  disturbance  present,  to  overcome  which  the  subjects  made 
use  of  the  device  of  articulation;  and  the  disturbance  is  further 
indicated  by  the  higher  tension  under  noise,  as  shown  in  the  key- 
pressure  records.  In  other  words,  the  noise  did  offer  a  distraction. 
and  to  overcome  this,  the  subjects  threw  themselves  with  more  force 
into  the  t;isk  in  hand.  The  implication  is  that  we  cannot  judge  of 
the  effects  <>f  noise  by  output  alone,  for  this  may  remain  unaffected, 
or  it  may  even  be  increased;  in  order  to  get  a  true  picture  of  the 
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process,  we  must  investigate  the  energy  expenditure  of  our  subjects 
during  the  distraction. 

Morgan  found  that  the  changes  due  to  different  kinds  of  noises 
were  of  less  importance  than  the  general  fact  of  adjustment  to  any- 
kind  of  distracting  situation.  It  matters  little,  he  thinks,  what  the 
nature  of  the  noise  may  be:  the  important  thing  is  that  it  presents 
a  disturbing  situation  which  must  be  overcome  in  order  to  progress; 
and  the  way  in  which  it  is  overcome  is  the  same  in  all  cases. 

Finally,  the  correlation  among  the  various  measures  was  found 
to  be  very  low.  This  would  indicate  again  that  each  of  the  proc- 
esses studied  is  largely  independent  of  the  others,  and  that,  there- 
fore, no  ultimate  solution  of  the  problem  can  be  obtained  through 
the  investigation  of  a  single  isolated  aspect  of  it. 

In  1917,  Morgan  (24)  reported  another  study  of  the  effects  of 
noise,  this  time  upon  memory.  He  experimented  with  paired  asso- 
ciates (word-digit),  presented  visually  to  20  subjects.  The  asso- 
ciates consisted  of  10  pairs  in  a  list,  and  four  lists;  two  of  which 
were  presented  during  quiet,  and  two  under  noisy  conditions.  The 
apparatus  by  which  the  subjects  responded  was  an  adaptation  of 
the  one  described  by  the  author  in  his  previous  monograph  on 
noise ;  and  the  following  measurements  were  taken :  learning  rec- 
ords, correct  responses  and  reaction-times;  breathing  curves;  key- 
pressure;  and  tests  of  recall,  retention,  and  recognition;  these  last 
being  made  two  days  after  the  main  experiment.  The  noises  con- 
sisted of  a  phonograph  which  was  played  continuously,  a  fire  gong, 
and  an  electric  buzzer,  sounding  intermittently. 

The  results  showed  an  increase  in  errors  during  learning  due  to 
the  noise;  however,  the  noise  had  little  or  no  effect  upon  the  learn- 
ing time. 

Articulation,  as  shown  by  the  breathing  ratios,  was  used  by  the 
subjects  in  order  to  overcome  the  disturbing  effects  of  the  noise. 
The  key  pressure  increased  with  the  introduction  of  the  noises,  but 
more  at  the  beginning  than  at  the  end.  Retention,  recall,  and  rec- 
ognition were  all  less  for  the  material  learned  under  noisy  condi- 
tions. 

On  the  basis  of  all  his  results,  Morgan  concluded  that  material 
which  is  bare  of  associative  bonds  is  best  for  testing  the  effects  of 
distractors.  He  reiterated  the  importance  of  making  tests  without 
the  subject's  knowledge,  so  far  as  possible,  feeling  that  when  a  sub- 
ject knows  that  a  given  test  is  to  be  made,  lie  will  strive  to  excel  in 
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that  process;  often  going  to  the  length  of  compensating  for  lass  in 
one  direction  by  sacrificing  some  other  process. 

Laird  (22),  in  1927,  made  a  .study  of  the  physiological  cost  of 
noise,  which  he  determined  by  the  method  of  respiratory  metab- 
olism.2 Laird's  subjects  were  four  professional  typists,  two  men 
and  two  women.  These  subjects  typed  for  two  hours  a  day,  over 
a  period  of  four  weeks,  always  working  on  the  same  letter,  which 
was  copied  about  2,000  times  during  the  course  of  the  investigation. 
The  noises  consisted  of  an  electric  motor,  ball  bearings  rotating  in 
a  hexagonal  sheet-iron  drum,  an  auto  siren,  and  a  telephone  bell, 
all  operating  "intermittently  and  automatically." 

When  these  sounds  were  operating  in  a  small  room  with  bare 
walls,  we  are  told  that  it  was  "no  noisier  than  many  offices," 
though  no  numerical  data  are  given  on  this  point.  When  the  walls 
were  covered  with  acousti-celotex  panelling,  the  noise  was  reduced 
"about  50  percent."  These  two  conditions,  then,  were  called  the 
"noisy"  and  the  "quieted"  phases  of  the  experiment,  respectively. 
During  the  first  week  the  subjects  worked  every  day  under  the 
quieted  conditions ;  during  the  next  two  weeks  under  the  noisy  con- 
ditions; and  during  the  fourth  week,  under  quieted  conditions  once 
more.  For  some  unknown  reason,  no  attempt  was  made  to  estab- 
lish controls  by  having  the  subjects  work  with  no  noise  whatever 
in  the  room;  and  this  must  remain  a  glaring  omission  in  technique. 

The  procedure  was  as  follows.  The  work  began  each  morning 
at  eight  o'clock,  when  the  subjects,  after  a  "uniform  breakfa.st." 
were  conducted  to  the  room  in  which  the  experiment  was  made. 
There  they  took  their  seats  before  noiseless  typewriters,  and  donned 
the  gas  masks  by  means  of  which  the  exhaled  air  was  collected  for 
analysis.  After  a  30-minute  rest  period,  the  signal  to  begin  work 
was  given,  and  the  noise  was  started.  The  work  period  itself  lasted 
two  hours.  Samples  of  the  exhaled  air  were  collected  every  fifteen 
minutes,  and  these  were  compared  with  a  sample  taken  at  the  end 
of  the  rest  period.  In  addition  to  these  data,  speed  and  accuracy 
records  wen-  obtained,  as  well  as  introspective  reports  from  the 
subjects. 

The  metabolic  results,  when  expressed  in  calories  expended  per 
minute,  showed  an  increase  over  the  resting  rate  averaging  52  per- 
l tent,  when  the  noise  was  deadened  by  the  panels;  and  an  increase 

-Reports  en  tliis  same  Investigation  have  appeared  ulso  in  the  Jour.  Nat. 

Inst,  hiihist.  /Ni/..  L929.  4,  251-8;  and  as  a  reprint  in  the  X.  Y.  Noise  Abate- 
ment GommiMion'a  monograph,  City  Noiae,  1930,  -96-301. 
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averaging  71  percent  when  the  noise  was  not  quieted.  The  aver- 
age time  for  typing  a  letter  was  found  to  be  162  seconds  under  the 
quieted  conditions.  When  the  four  subjects  were  ranked  accord- 
ing to  speed,  individual  differences  with  respect  to  the  effect  of 
noise  upon  typing  rate  were  observed.  These  are  .shown  in  the 
table  below. 


Increase  in 
Bank  speed  in 

quieted  phase 


Slowest _ 0.0  percent. 

Next  - 0.8 

Second   Fastest   - 3.6 

Fastest  7.4 


<  < 

<  < 

« ( 


Apparently  the  differences  in  accuracy  under  the  two  sets  of 
conditions  were  too  slight  to  be  significant,  for  no  numerical  data 
are  presented  on  this  point.  Fatigue  effects,  however,  were  com- 
puted by  averaging  and  comparing  the  time  required  for  typing 
the  first  five  letters  and  the  last  five  letters  in  each  experimental 
period.  It  was  found  that  during  the  quieted  phase,  the  subjects 
reduced  the  time  7  seconds ;  while  during  the  noisy  phase,  the  aver- 
age time  was  increased  5  seconds  by  the  end  of  the  period. 

Another  interesting  detail  was  brought  out  in  this  study,  re- 
garding the  evidence  for  fatigue  in  the  energy  expenditure  of  the 
subjects.  Had  the  noisy  conditions  proven  more  fatiguing  than 
the  quiet,  one  would  have  expected  the  differences  between  the  two 
conditions  as  regards  energy  expenditure  to  increase  towards  the 
end  of  the  sittings.  As  a  matter  of  fact,  these  differences  remained 
the  same. 

We  have  discussed  this  study  at  some  length,  first  because  the 
results  are  highly  suggestive  as  to  methods  of  attack  on  the  prob- 
lem of  noise ;  and  secondly  because  Laird  has  made  use  of  the  meta- 
bolic method  in  much  the  same  way  that  we  have  used  it  in  our  own 
research.  Laird's  study,  however,  leaves  a  great  deal  to  be  desired 
in  the  way  of  procedure,  as  well  as  in  the  treatment  and  presenta- 
tion of  results. 

In  the  first  place,  one  is  led  to  question  seriously  the  adjust- 
ment of  Laird's  subjects  to  the  experimental  set-up,  the  apparatus, 
etc.  As  we  shall  show  later,  our  own  experiments  have  indicated 
clearly  that  a  period  of  some  weeks  is  necessary  for  the  subject  to 
become  adjusted  to  the  gas  mask  and  the  other  paraphernalia  in- 
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volved  in  making  measurements  of  energy  expenditure.  During 
this  period  of  adjustment,  the  values  for  resting  metabolic  rate  are 
unduly  high,  and  the  results  obtained  at  this  time  are  not  fair  pic- 
tures of  the  processes  themselves.  For  this  reason,  one  wishes  that 
this  investigator  had  devoted  a  few  weeks  to  adjusting  his  subjects 
to  the  experiment,  instead  of  simply  beginning  with  a  week's  run 
under  the  quieted  conditions. 

We  have  already  mentioned  the  value  of  establishing  controls 
by  having  the  subjects  work  in  a  room  with  no  noise  whatever;  and 
we  have  remarked  that,  in  our  opinion,  this  omission  detracts  from 
the  value  of  the  study.  Another  criticism  of  paramount  impor- 
tance concerns  the  absence  of  the  day  by  day  results.  The  litera- 
ture of  the  problem  shows  that  a  subject's  response  to  noise  is  a 
variable  thing,  and  that,  oftentimes,  this  response  may  differ  in 
direction  from  one  day  to  another.  Moreover,  the  question  of  pos- 
sible adjustment  to  the  noisy  conditions  could  be  answered  only  by 
the  tabulation  of  the  results  for  each  day,  and  comparing  them 
with  one  another.  In  no  case  is  the  presentation  of  averages  alone 
an  adequate  treatment  of  the  data. 

For  these  reasons,  as  Ave  have  already  indicated,  we  can  regard 
Laird's  study  as  suggestive,  and  little  more. 

Ford  (12),  in  1929,  studied  the  effects  of  noise  upon  17  subjects 
who  were  doing  problems  in  addition.  The  time  required  for  solv- 
ing each  problem  was  recorded,  as  well  as  the  writing  pressure  of 
the  subjects.  The  noises  were  produced  by  a  phonograph  and  an 
automobile  horn. 

The  subjects  added  sums,  about  6  each,  under  conditions  of 
quiet,  noise,  and  quiet  again.  Ford  found  an  initial  slowing  up  of 
speed  per  problem  at  the  beginning  of  the  noise,  and  again  when 
quiet  was  restored.  The  change  with  the  introduction  of  the  noise 
was  more  pronounced,  however.  A  correlation  of  .55  between 
writing  pressure  and  "reaction-time"  was  also  reported. 

Since  the  completion  of  our  own  experiment,  one  other  study 
dealing  with  the  effects  of  noise  upon  mental  work  and  metabolic 
rate  lias  appeared.  This  study  was  published  by  Vernon  and 
Warner  (39),  in  1932.  These  investigators,  who  were  interested 
primarily  in  obtaining  objective  tests  for  measuring  the  effects  of 
noise,  rather  than  descriptive  accounts  of  the  processes  involved. 
included  in  their  research  a  brief  series  of  experiments  dealing  with 
changes  in  the  rate  of  oxygen  intake  accompanying  noise. 
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Two  subjects  read  or  worked  arithmetic  problems  during  a  two- 
hour  period.  The  rate  of  oxygen  absorption  was  calculated  for 
each  subject  during  an  initial  half-hour  of  quiet,  during  an  inter- 
mediate hour  when  an  electric  bell  was  sounded  intermittently,  and 
during  a  final  half-hour  of  quiet.  It  had  been  determined  previ- 
ously that  speed  of  output  either  remained  unaffected,  or  was 
slightly  accelerated  by  the  noise.  As  to  the  rate  of  oxygen  absorp- 
tion, it  was  found  that  when  the  subject  was  reading,  the  noise  had 
no  effect  whatever ;  but  when  arithmetic  problems  were  being  done, 
the  noise  was  accompanied  by  a  4  percent  increase.  From  their 
results,  the  authors  concluded  that  the  most  satisfactory  test  of  the 
effects  of  noises  is  to  be  found  in  a  rating  by  the  subjects  of  the 
degree  to  which  they  were  distracted. 

The  method  used  by  Vernon  and  Warner  to  measure  changes 
in  oxygen  absorption  shows  that  these  investigators  were  lax  in 
their  experimental  technique,  to  say  the  least.  In  plotting  curves, 
successive  half-hour  periods  were  laid  out  along  an  abscissa,  and 
rate  of  oxygen  absorption  along  the  ordinate.  "When  the  curve  was 
drawn,  it  showed  a  steady  descent  from  beginning  to  end  of  the 
two-hour  period.  The  authors  attribute  this  fact  to  the  lack  of  a 
sufficient  rest  period  at  the  beginning  of  the  experiment ;  and  since 
the  values  for  the  first  half -hour  of  quiet  work  were  so  high,  they 
proceeded  to  measure  the  increases  in  oxygen  rate  from  the  final 
half-hour  of  quiet  work.  They  neglected  to  plot  a  control  curve 
using  quiet  conditions  throughout ;  and  they  also  neglected  the  pos- 
sibility of  adjustment  to  the  noise  on  the  part  of  their  subjects. 

In  all  the  investigations  which  we  have  cited,  there  is  agreement 
upon  one  point;  that  noise  does  raise  the  energy  expenditure  dur- 
ing mental  work.  The  disagreement  among  the  various  investi- 
gators centers  chiefly  around  the  size  and  importance  of  th< 
changes  which  accompany  a  noisy  environment.  Obviously  the 
first  step  in  answering  this  question  lies  in  presenting  detailed, 
day-to-day  results,  as  well  as  averages;  in  taking  into  consideration 
not  only  the  immediate  effects  of  the  noises,  but  also  the  passibility 
of  adjustment  to  them ;  and  lastly,  in  the  measurement  of  as  many 
processes  as  possible;  and  it  has  been  on  just  these  points  that 
have  attempted  to  supplement  the  literature  on  the  effects  of  noise. 


III.  Apparatus  and  Method 

1.  Outline  of  the  Experiment 

Our  problem,  simply  stated,  was  to  observe  the  effects  of  noise 
upon  individuals  doing  mental  work  for  a  set  period  of  time  each 
day;  and  to  investigate  the  changes  produced  by  the  noise  in  cer- 
tain processes  connected  with  this  work. 

Having  adjusted  our  subjects  to  the  apparatus  and  the  general 
experimental  set-up,  we  next  proceeded  to  study  the  relationship 
between  mental  work  and  our  physiological  processes  under  normal 
conditions;  i.e.,  without  noise.  So  far,  our  experiment  dealt  only 
with  physiological  changes  during  mental  work ;  while,  at  the  same 
time,  we  hoped  to  give  the  subjects  sufficient  training  in  the  work 
itself,  so  that  improvement  would  be  slow  after  we  had  begun  using 
noise. 

Our  next  step  was  the  introduction  of  the  noise.  This  was  made 
intense  enough  and  arhythmical  enough  to  constitute  a  real  dis- 
turbance, from  the  point  of  view  of  annoyance  at  least ;  and  indeed 
our  noises  may  be  said  to  have  "filled"  the  room  in  which  the  sub- 
jects worked.  Interpolated  between  the  noisy  periods  were  periods 
of  quiet,  for  the  purpose  of  control  and  comparison. 

Having  ascertained  that  our  subjects  were  definitely  affected  by 
the  noise,  our  course  was  now  clearly  indicated  to  us;  namely,  to 
extend  the  experiments  over  a  sufficiently  long  time  to  observe  the 
process  of  adjustment  to  the  noLsy  conditions:  or  in  other  words, 
to  see  whether  the  subjects  would  continue  responding  in  the  same 
manner,  or  whether  a  change,  either  quantitative  or  qualitative, 
would  take  place  in  their  responses.  The  tracing  of  this  change 
now  became  our  chief  concern. 

Throughout  we  have  recognized  the  necessity  of  fractionating 
our  data  in  the  treatment  of  results.  This  applies  not  only  to  days 
and  weeks,  but  also  to  individual  sittings.  Experience  (our  own  as 
well  as  that  of  others)  has  shown  beyond  a  doubt  that  in  dealing 
with  material  of  this  kind,  the  variability  of  a  given  individual  is 
so  great  as  to  render  averages  alone  misleading.  A  careful  study 
of  the  raw  data  is  essential  to  any  true  understanding  of  the 
results. 

14 


PSYCHOLOGICAL  AXI)  PHYSIOLOGICAL   !!  <KS  15 

2.  Description  of  the  Processes  and  t/in'r  Measurement 

Addition  was  selected  as  the  mental  task  to  set  before  the  sub- 
jects. We  used  three-place  numbers,  ten  to  a  problem.  In  order 
to  avoid  repetition  of  number  sequences  in  the  construction  of  our 
sums,  we  took  numbers  from  the  New  York  Telephone  Directory, 
using  the  last  three  digits  of  each  combination.  This  did  not  in- 
clude zeros,  which  we  avoided  in  making  up  our  problems. 

One  hundred  and  twenty  sums  were  composed  and  typed  on  fil- 
ing cards,  3  by  5  inches  in  size.  Only  one  sum  occurred  on  a  card. 
At  the  beginning  of  each  day's  experiment,  these  cards  were 
thoroughly  shuffled,  and  set  upon  the  table  before  the  subject.  He 
picked  them  up,  one  at  a  time,  added  the  sum,  wrote  the  answer  on 
a  strip  of  paper  taken  from  the  roll  of  an  adding  machine,  and 
passed  on  to  the  next  problem.  The  answers  were  thus  written, 
one  below  the  other,  on  a  long  strip  of  paper,  the  end  of  which  was 
soon  out  of  sight  of  the  subject,  who  at  best  could  have  only  a  vague 
idea  as  to  how  many  he  had  done.  The  instructions  were  always  to 
work  at  top  speed. 

It  may  possibly  be  objected  that  even  under  these  conditions, 
the  subjects  would  in  time  learn  the  answers  to  the  problems,  since 
their  number  was,  after  all,  still  limited.  Such,  however,  was  not 
the  case.  In  the  first  place,  the  cards  were  mixed  at  the  beginning 
of  each  experiment.  This  effectually  prevented  all  chances  of 
memorizing  the  order  of  presentation  of  the  sums.  Moreover,  the 
number  worked  on  any  day  never  exceeded  90,  which  left  30  com- 
paratively new  sums  to  be  distributed,  at  random,  among  the  others. 
Under  these  conditions  the  subjects  reported  a  sori  of  vague  feel- 
ing of  familiarity  with  some  of  the  problems:  a  feeling  thai  they 
had  seen  these  before;  but  the  learning  process  never  went  farther 
than  this.  The  best  experimental  proof  of  the  above  statement  is 
that,  once  the  experiment  had  begun,  there  were  do  abrupt  rises  in 
the  learning  curve. 

The  physiological  processes  measured  in  connection  with  the 
work  included  metabolic  rate,  heart  rat.-,  and  respiration.  We 
were  prevented  from  making  additional  measurements  by  the  fear 
of  encumbering  the  subject  with  too  much  apparatus,  and  thus 
hindering  the  freedom  of  his  movements  and  his  thoughts.  Such 
a  course  must  surely  have  impaired  the  validity  of  the  results  which 
we  might  obtain  with  the  noise.  Blood  pressure,  for  example,  and 
amplitude  of  the  pulse  beat,  would  no  doubt  have  yielded  interest- 
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ing  results;  but  at  the  same  time,  their  registration  might  have 
added  a  seriously  disturbing  factor.  As  it  was,  we  were  able  to 
secure  a  very  .satisfactory  adjustment  to  our  apparatus  on  the  part 
of  our  two  subjects;  and  by  the  time  we  were  ready  to  begin  our 
experiments,  neither  of  them  reported  any  discomfort,  nor  even  a 
consciousness  of  the  set-up. 

Metabolism  was  measured  by  the  Haldane-Henderson-Bailey 
method  (17).  The  subject,  seated  before  a  small  table,  had  a  gas 
mask  strapped  to  his  face,  the  harmonica  rubber  air-tubes  passing 
over  his  right  and  left  shoulders.  These  tubes  were  long  enough 
so  that  he  could  lean  forward  over  the  table  while  working;  and 
flexible  enough  to  allow  complete  freedom  of  movement.  Both  had 
an  internal  diameter  of  one  inch.  The  left-hand  tube  was  con- 
nected with  a  length  of  pipe  five  inches  in  diameter,  which  led  out 
of  doors,  and  through  which  the  subject  received  the  fresh  air  that 
he  breathed.  The  right-hand  tube  was  connected  with  the  Douglas 
bags  (10)  in  which  the  exhaled  air  was  collected,  and  with  the  ap- 
paratus for  recording  the  breathing  curves  (to  be  described  below). 
The  passage  of  air  through  these  tubes  was  controlled  bjr  means  of 
Bailey  valves  (2). 

The  Douglas  bags,  each  of  which  had  a  capacity  of  100  liters, 
were  attached  to  a  rack  immediately  behind  the  subject.  "When  one 
became  filled,  its  mouth  was  closed  by  a  valve,  and  the  air  was  at 
the  same  time  turned  into  another  bag,  without  interrupting  the 
experiment.  An  assistant  detached  the  filled  bag  and  carried  it 
into  the  adjoining  room  where  the  volume  of  the  air  was  measured, 
and  samples  taken  for  analysis. 

The  gas  masks  worn  by  the  subjects  during  the  early  stages  of 
the  experiment  were  the  Bailey  mask  (3),  which  resembles  the  type 
made  for  the  United  States  Army.  It  covers  the  entire  face  of  the 
subject,  and  has  goggles  for  the  eyes.  The  mask  is  strapped  to  the 
head  ;  and  part  of  it8  weight  is  supported  by  a  cord,  attached  to  the 
center  of  the  mask,  and  running  up  to  a  horizontal  rod  above  the 
head  of  the  subject.  In  order  to  eliminate  possible  leaks  along  the 
border  of  Ili<'  mask,  a  pair  of  ordinary  rubber  sponges,  glued  to  a 
metal  plate  arc  strapped  over  the  temples  of  the  subject,  one  on 
each  side,  holding  the  mask  close  against  the  head.  This  is  a  much 
more  cumbersome  and  Less  comfortable  piece  of  apparatus  than  the 
Siebe-Gorman  (7)  mask,  which  was  substituted  for  it. 

This  mask,  which  is  made  of  rubber,  is  very  small  and  light. 
being  designed  to  cover  only  the  mouth  and  nose  of  the  subject. 
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Its  general  shape  is  triangular;  like  the  other  type,  it  is  strapped 
to  the  head,  but  it  is  so  light  that  it  docs  no1  require  additional 
support  from  above.  A  strip  of  flexible  metal  in  the  lining,  and 
running  along  the  border,  allows  the  ma.sk  to  be  moulded  to  fit  the 
general  contour  of  the  individual's  face;  and  in  addition,  it  is  edged 
with  a  small  pneumatic  tube,  inflated  with  an  ordinary  bicycle 
pump,  thus  holding  the  mask  t  ightly  against  the  face.  It  is  a  much 
more  satisfactory  piece  of  apparatus,  in  that  it  I  raves  the  eyes  of 
the  subject  entirely  free  to  attend  to  the  task  in  hand. 

With  the  change  in  gas  masks,  we  found  a  sligb.1  variation  in 
some  of  our  results,  which,  however  interesting  from  the  point  of 
view  of  methodology,  does  not  seriously  affect  the  validity  of  our 
data,  as  we  shall  proceed  to  show.  The  table  given  below  was  com- 
piled by  averaging  one  subject's  results  for  ten  days  preceding  the 
change  in  masks,  and  comparing  them  with  the  figures  obtained  on 
corresponding  days  after  the  change.  In  each  case  the  SD  is  given 
with  the  average,  and  the  reliability  of  the  differences  is  estimated 
by  dividing  a  given  difference  by  its  SD.  All  of  the  following  data 
were  collected  during  10-minute  periods  while  the  subject  was  at 
rest,  and  under  quiet  conditions. 

TABLE  1 

Showing  Differences  in  Measuhes  with  Bailey  and  Siebe-Gorman  Masks 

he- 
Measure  Bailey  Mask       Gorman   Mas!:       "Diff.      D/SDd 

Av.        SD  Av.         SD 

Total  ventilation  liters 67.58  2.66 

O,  absorbed,  % - 3.15  0.22 

CO,  produced,   %   2.49  0.11 

Respiratory   quotient  - 79.30  4.43 

Calories    per    square    meter 

per  hour  — 36.78  1.72 

Breathing    rate,    cycles    per 

min '  17.20  0.75 

Breathing    amplitude,    mm.  2.12  0.32 

The  above  tabic  shows  the  total  ventilation  (the  amount,  of  air 
expired  during  the  test)  decreased  on  an  average  of  7.25  lil 
during  the  first  ten  days  with  the  Siebe-Gorman  mask.  This  in 
itself  would  tend  to  lower  all  of  our  other  figures  relating 
metabolism,  were  it  not  for  the  fact  that  the  lowered  ventilation  3 
counteracted  almost  perfectly  by  an  increase  in  the  percentages  of 
oxygen  absorbed  and  carbon  dioxide  produced.  That  these  two 
processes    varied    proportionately    is    shown    by    the    respiratory 


60.33 

.-,..-,  11 

7.25 

3.70 

0.23 

0.55 

5.50 

2  92 

0.1] 

0.43 

11.00 

79.20 

2.64 

0.10 

38.46 

1.68 

1.54 

0.40 

1.29 

2.45 

0.26 

8.54 
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quotient,  or  K.Q.,  remaining  unchanged.  As  a  result  of  the  nice 
balance  between  lowered  ventilation,  and  increased  oxygen  con- 
sumption, the  metabolic  rate  (the  calories  liberated  per  square 
meter  of  body  area  per  hour)  remains  the  same.  We  are  guided 
by  two  considerations:  first,  the  obtained  difference  is  not  consistent 
enough  to  be  reliable;  and  second,  it  would  not  be  large  enough  to 
be  significant,  even  though  it  were  reliable.  This  is  our  most  im- 
portant measure  of  energy  expediture,  involving  as  it  does  all  of 
the  lesser  functions,  and  being  computed  from  them  all;  and  any 
factor  that  affected  the  metabolic  rate  must  seriously  affect  all 
our  results  and  interpretations. 

We  have  included  in  our  table  the  data  on  respiration,  taken 
from  the  kymographic  records.  These  show  a  slight  decrease  in 
the  average  breathing  rate  with  the  Siebe-Gorman  mask,  accom- 
panied by  a  somewhat  more  significant  increase  in  the  amplitude  of 
the  breathing  curves.  (According  to  the  data  on  reliability,  the 
chances  that  a  true  difference  exists  between  these  measures,  are 
90  in  100  in  the  case  of  the  breathing  rate,  and  99.4  in  100,  in  the 
case  of  the  amplitude.) 

"We  may  suggest  that  with  the  Siebe-Gorman  mask  the  breath- 
ing of  our  subject  became  more  natural  and  somewhat  less  labored, 
due  to  the  greater  comfort  of  this  mask.  The  slightly  slower  rate 
may  not  have  been  altogether  compensated  for  by  the  increased 
depth  of  the  breathing:  which  nevertheless  might  conceivably  have 
resulted  in  the  changing  to  a  small  extent  of  the  composition  of  the 
exhaled  air.  This  is  not  unnatural  when  the  breathing  is  deepei 
a  little ;  nor  was  the  process  carried  far  enough  to  upset  the  bala 
between  the  various  functions.3 

The  above  interpretation  is  little  more  than  a  guess,  based  on 
the  general  trend  of  the  results.  The  study,  was  carried  out  with 
but  a  single  subject.  His  introspective  reports,  would  appear 
favorable  in  general  to  our  hypothesis.  Although  he  had  consid- 
ered himself  adjusted  fully  to  the  Bailey  mask,  he  aeverthel 
reported  from  the  beginning  that  the  new  mask  was  more  com- 
fortable; and  that  the  breathing  seemed  fiver  and  more  natural 
than  before. 

This  discussion  leads  us  into  our  next  topic,  respiration,  and  the 
method  used  in  obtaining  data  on  this  process.  A  side  tube  of 
rubber,  with  a  diameter  of  "Js  in.,  connected  the  space  between  the 

■  For  :i  good  difl(  union  of  the  various  mechanical  and  other  factors  af 
itiC    determinations    of    basal    metabolism,    the    reader    is    referred    to    Dubois: 

ol  Metabolism  in  Health  and  D  H»24  (11). 
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inlet  and  outlet  valves  of  the  gas  mask  with  a  large  tambour,  having 
a  membrane  5  in.  in  diameter.  A  pointer  attached  to  this  tambour 
traced  on  the  revolving  drum  of  a  kymograph  the  excursions  of  the 
membrane,  caused  by  the  subject  's  breathing.  Tin-  balance  between 
the  resistance  from  the  Douglas  bag  and  tin-  tambour  was  regulated 
by  means  of  an  adjutable  clamp  on  the  tub.-  leading  to  tin-  tambour. 
A  brief  discussion  of  this  method,  together  with  samples  of  the 
breathing  curves  obtained  thereby,  has  been  published  by  Bounds 
and  Poffenberger  (32).  Not  only  docs  the  method  furnish  data 
on  breathing  rate  and  amplitude;  but  the  speech  reactions,  both 
implicit  and  overt,  are  clearly  revealed  iu  the  curves  which  are 
obtained. 

Heart  beats  were  recorded  kymographically  on  the  same  drum 
that  was  used  for  the  breathing  curves.  The  records  were  obtained 
by  means  of  a  cardiotachometcr.  This  apparatus  has  1 D  ade- 
quately described  by  Boas  (6).  Besides  the  records  of  the  he. 
and  the  breathing,  time  was  indicated  by  means  of  a  chronograph, 
marking  every  5  seconds.  This  completes  our  description  of  the 
measurements  taken. 

3.  Noises 

The  sources  of  noise  used  in  this  experiment  were  two  specially 
prepared  14-inch  phonograph  records,  made  by  the  Victor  Com- 
pany. One  was  made  in  a  busy  office  room;  and  the  other  on  an 
excessively  noisy  street  corner  in  New  York  City  (Herald  Square, 
35th  Street,  between  Broadway  and  (5th  Avenue).     T  cords 

were  used  on  a  phonograph  which  was  adapted  for  as  by  the  B.  K. 
Free  Laboratories  Inc.,  of  New  York.  The  machine  was  iri\ 
electrically,  and  was  equipped  with  an  electric  pick-up,  cond 
and  amplifier,  together  with  a  radio  loud-speaki  r  for  the  reproduc- 
tion of  the  sounds.  Although  it  was  possible  to  regulate  the  in- 
tensity of  the  noise,  in  our  own  experiment  we  always  used  the 
sounds  at  full  blast,  being  interested  primarily  in  studying  the 
effects  of  noises  of  maximum  intensity. 

In  our  experiment,  loudness  ranged    from   50   to   65  decibels 
(13,26)  in  the  case  of  the  office  sound-;  and  from  65  t..  7.".  decib 
in  the  case  of  the  street  Bounds.     When  the  former 
turned  on,  we  heard,  amid  the  general   roar,  the  clicking  of  typ 
writer  keys  and   adding  machines,   the  hum   of  many    voices  and 
sounds  which  resembled   the   banging  of  bo:  heavy 

articles.  Among  the  various  street  noises,  we  could  detect  the 
blaring  of  countless  automobile   horns,   policemen'-   whi  lie 
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occasional  shouting  of  a  human  voice,  the  rattle  and  bang  of  trolley- 
cars  and  elevated  trains,  and  above  all,  the  steady,  deep-throated 
roar  accompanying  the  heavy  traffic  of  a  large  city.4'5 

The  noise  did  not  remain  at  one  constant  level,  but  fluctuated 
throughout  a  given  record.  For  this  reason  the  range  of  loudness 
w;is  given  above,  rather  than  the  average  loudness.  In  the  present 
investigation,  we  made  no  efforts  to  correlate  these  variations  in 
loudness  with  physiological  changes  in  our  subjects.  When 
evaluated  subjectively,  the  variations  in  loudness  seemed  less  im- 
portant and  less  disturbing  than  the  general  fact  of  the  noise  itself, 
which  in  this  sense  may  be  thought  of  as  a  constant  condition.6 

The  room  in  which  the  experiment  was  conducted  was  an 
ordinary  laboratory  research  room,  11  feet  in  width,  by  24  feet  in 
length,  and  11  feet  in  height.  It  was  neither  soundproof  nor  un- 
furnished, was  equipped  with  chairs,  tables  and  cabinets  for  the 
various  pieces  of  apparatus.  When  the  noise  was  going  on,  it 
completely  "filled"  the  room,  drowning  out  all  other  sounds. 
Under  the  quiet  conditions  there  was  no  disturbance  beyond  the 
low  hum  of  the  motor  operating  the  kymograph,  and  the  regular 
clicking  of  the  cardiotachometer  in  the  next  room.  These  were 
constant  conditions  from  the  beginning  of  the  research,  and  the 
subject  adjusted  himself  to  them,  just  as  he  was  adjusted  to  the 
apparatus.7 

4.  Subjects 

Two  subjects  served  in  the  experiment,  both  males.8  One  was  the 
writer  himself;  the  other  was  also  a  graduate  student  in  psychology. 
The  latter  was  told  that  we  were  conducting  a  research  on  noise, 
and  while  he  could  scarcely  help  being  aware  of  the  measurements 


*  For  data  on  the  pitch  ranges  of  such  noises  as  these,  see  (26). 

5  The  phonograph  which  produced  the  noises  stood  on  :i  small  table,  about 
six  feet  from  the  subject,  the  loud-speaker  facing  in  his  direction.  The  ma- 
chine was  operated  by  the  experimenter.  Once  started,  the  only  attention  it 
required  was  to  have  the  needle  set  ba^k  at  the  beginning  of  the  record,  about 
onco  in  every  three  minutes.  One  record  was  used  constantly  throughout  a 
given  series  of  experiments. 

«An  Investigation  dealing  with  the  comparative  effects  of  various  kinds 
of  noises  ami  with  the  factor  of  unexpectedness,  will  shortly  appear  from  the 
Columbia  Laboratory    (30). 

~>  The  research  room  was  in  the  rear  of  the  building.  The  window  open*  -I 
onto  the  grounds  of  the  University,  and  it  was  largely  shut  off  from  the  street 
by  neighboring  buildings.     No  one  passed  under  the  window  at  any  time;  and 

worked  at  hours  when  the  hallway  outside  our  door  was  deserted.  In  this 
way  we  eliminated  disturbances  from  this  direction, 

8  Tests  carried  out  in  a  sound-proof  room  showed  no  significant  differences 
between  the  two  subjects  as  regards  auditory  acuity. 
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taken,  he  was  altogether  unfamiliar  with  metabolic  methods,  and 
was  told  nothing  whatever  regarding  the  results  until  the  end  of 
the  experiment.  The  writer  kept  himself  in  ignorance  of  the  out- 
come of  the  study,  in  so  far  as  possible,  by  working  up  the  resu 

only  at  intervals  of  two  weeks,  except  towards  the  eery  end  of  I 
experiment,  when  it  appeared  that  a  level  had  been  attained. 

The  nature  of  our  work  made  it  impossible  to  use  many  sub- 
jects. Besides  the  enormous  tax  upon  the  time  of  the  technician, 
the  capacity  of  the  Haldane  apparatus  was  limited.  Owing  to 
these  considerations  our  plan  was  to  use  one  subject  as  a  check  upon 
the  other;  and  if  any  marked  discrepancies  should  appear  between 
the  two  sets  of  results,  to  introduce  a  third  subject.  This  lasl  step 
did  not  prove  necessary. 

5.  Procedure 

The  experiments  in  which  Subject  H  served,  were  performed 
daily,  except  Sundays,  from  8:30  to  9:30  A.  M. :  those  in  which 
Subject  E  served,  were  performed  from  11:30  to  12:30.  The 
former  came  to  the  laboratory  in  the  post-absorptive  condition ;  i 
after  a  fast  of  from  12  to  14  hours;  while  the  latter  began  his  work 
about  4  hours  after  a  light  breakfast. 

The  general  procedure  was  the  same  on  all  days  for  both  the 
subjects.  Immediately  upon  his  arrival  at  the  laboratory,  the  sub- 
ject removed  coat  and  collar,  and  reclined  for  30  minutes  upon  a 
mattress.  As  he  was  alone  in  a  quiet  room,  he  generally  slept 
through  most  of  this  period.  He  was  then  awakened,  and  the 
electrodes  of  the  cardiotachometer  were  strapped  to  his 
When  he  had  taken  his  seat  in  a  swivel  chair  before  the  work  table, 
the  gas  mask  was  put  over  his  face;  following  which  cane  ther 

rest  period  of  ten  minutes.     During  this  period  the  Bubjed  set; 
himself  comfortably  in  his  chair,  and  rested  with  as  little  movement 
as  possible.     He  was  invited  to  sleep  again  if  he  could,  and  often- 
times he  did  fall  into  a  light  doze.     The  expired  air  wi 
collected  throughout  this  period  and  samp!-  records  of  heart  r 
and  breathing  were  taken,  over  two-minute   periods.     These   fur- 
nished the  resting  data  for  the  various  measui 

At  the  end  of  this  ten-minute  rest  period,  the  Bui  1  him- 

self to  a  writing  position,  was  given  pencil  and  paper,  and  the 
problems  to  be  added.    At  a  given  signal  from  t!.  rimenter, 

he  fell  to  work;  and  continued  at  top  I   tor  the  next  twenty 

minutes.     During  the  early  stages  of  the  rch,  ti       lay's  run 


22  THE  EFFECTS  OF  XOISE  UPON  CEBTAIX 

ended  with  this  work  period.  Later,  another  rest  period  of  13 
minutes  was  taken  after  the  work,  for  the  purpose  of  studying 
recovery  effects.  The  conditions  during  this  were  the  same  as  those 
for  the  initial  10-ininute  rest  period. !" 

The  actual  data  were  collected  in  four  experimental  series,  be- 
sides the  adjustment  series  for  each  subject;  and  each  of  these  will 
be  described  in  detail. 

To  accustom  our  subjects  to  the  apparatus,  and  chiefly  to  the 
gas  mask,  we  allowed  each  one  to  sit  with  the  mask  on  his  face,  for 
a  few  minutes  daily  during  the  first  few  days.  After  this  we  began 
taking  records. 

The  adjustment  of  Subject  H  to  the  apparatus  covered  a  period 
of  25  days,  after  the  taking  of  records  was  begun.  For  the  first 
five  days,  only  the  initial  10-minute  rest  period  was  given ;  but  for 
the  succeeding  20  days,  the  rest  was  followed  by  the  full  work 
period  of  20  minutes.  In  this  way  we  hoped  to  give  the  subject 
some  practice  in  adding  before  beginning  the  experiments  with 
noise. 

During  this  period  of  adjustment,  records  of  heart  rate  and 
breathing  curves  were  obtained,  and  three  bags  of  exhaled  air  were 
collected :  one  for  the  ten-minute  rest  period ;  one  for  the  first  10 
minutes  of  work;  one  for  the  last  10  minutes  of  work. 

Our  criterion  of  adjustment  was  that  our  subject  should  show 
a  variation  not  exceeding  2  or  3  points  on  the  average  in  his  rest- 
ing metabolic  rate  (calories  per  hour  per  square  meter)  from  day 
to  day.10  As  a  practical  and  easy  method  of  determining  the  prog- 
ress of  the  adjustment  process,  we  averaged  the  metabolic  rates 
in  groups  of  5  days  each,  and  calculated  the  SD  for  each  group. 
When  the  curve  for  the  averages  and  the  SDs  remained  fairly 
constant  over  several  consecutive  groups,  we  considered  that  the 
subject  was  sufficiently  adjusted  to  go  ahead  with  the  experiments. 

Our  experience  with  Subject  H  proved  that  it  was  not  necessary 
to  prolong  the  adjustment  period.  Subject  E  was  less  variable  than 
II  from  the  beginning;  and  by  the  end  of  the  ninth  day  there  was 
no  need  for  carrying  his  preliminary  training  further. 

» In  deciding  mi  the  length  of  our  work  period,  we  were  forced  to  ch" 

bweea  an  intensive  analysis  of  a  comparatively  short  period,  or  a  longer 
period  which  must  perforce  be  treated  more  summarily — at  least  aa  regards 
analysis  of  metabolic  rate.  In  view  of  the  fact  that  wo  were  stressing  com- 
pleteae—  in  t he  treatment  and  presentation  of  results,  we  determined  upon  the 
former  Bonne;  and,  therefore,  have  adopted  twenty  minutes  as  the  most  con- 
venient   period   with  which   to  deal. 

"'This,  of  course,  being  determined  from  the  data  for  the  initial  10-minute 

p'  riod. 
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In  collecting  the  adjustment  data  from  B,  we  added  a  3-minute 
recovery  period  at  the  end  of  the  work.  The  other  periods  followed 
the  schedule  as  outlined  for  H. 

The  experimental  data  were  collected  in  four  series  which 
will  call  A,  B,  C,  and  D.  Subjecl  II  served  in  the  first  three  seri< 
Subject  E  in  the  fourth.  The  procedure  in  Series  A  was  exactly 
the  same  as  that  described  for  the  adjustment  ol*  Subjecl  II.  except 
that  quiet  and  noisy  days  were  alternated.  On  the  Latter  days,  the 
record  of  office  noises  was  played  at  full  intensity  throughout  the 
work  period.  This  series  lasted  for  39  days,  of  which  20  were 
quiet  and  19  noisy. 

From  the  control  days  in  Series  A  we  Learned  that  there  were 
no  consistent  differences  between  the  data  for  the  two  work  periods 
of  10  minutes  each.  This  fact  suggested  to  as  the  idea  of  haying 
both  quiet  and  noisy  conditions  in  one  sitting.     Besides  eliminate 

TABLE  2 
Summary  of  Experimental  Series 


Ser. 

Sub. 

Length 

Best 

Wk.I 

Wk.IIWk.IIIBec.l 

Bee.  2 

Conditions 

A 

H 

39 

days 

10  m. 

10  m. 

10  m. 

Alt. 

quiet     & 

noise    days; 

off 

muse 

B 

H 

15 

<  i 

10  m. 

10  m. 

3  m. 

.• 

i  in. 

3  m. 

10  m. 

Wk. 
II 
off 

I — quiet ; 
ft    J II— 

noise 

C 

H 

4 

C  I 

10  m. 

10  m. 

3  m. 

7  in. 

3  m. 

10  m. 

Saint* 

B— 

noise 

D 

E 

19 

t  ( 

10  m. 

10  m. 

3  m. 

7  in. 

3  m. 

10  m. 

Same 

off 

B— 

no: 

the  necessity  for  separate  control  days,  this  procedure  would  have 
the  further  advantage  of  enabling  as  to  study  th<  of  a 

change  from  quiet  to  noisy  conditions  while  the  work  was  actually 
in  progress;  and  as  a  consequence  we  devised  the  schedule  which 
was  followed  in  Series  B  and  in  all  Later  serii 

Series  B  was  composed  of  a  10-minute  rest  period  ;  a  work  per 
of  20  minutes;  and  a  recovery  period  of  13  minutes.  The  record 
of  office  noises  was  begun  at  the  beginning  of  ti  se  md  10  minutes 
of  work,  and  was  run  continuously  until  the  end  of  the  work  period 
each  day.  Heart  rates  and  breathing  n  irds  were  taken  as  osual; 
and  the  exhaled  air  was  collected  in  ta  wring  the  following 

periods:  the  initial  10-minute  rest  period;  the  first  ten  minufc 
work  under  quiet  conditions;  the  first  3  minutes  of  work  with  n 
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the  last  7  minutes  of  work  with  noise;  the  first  3  minutes  of  recov- 
ery; and  the  last  10  minutes  of  recovery.  Series  B  was  run  for 
15  days. 

Series  C  was  exactly  the  same  as  B,  with  the  exception  that  the 
record  of  street  noises  was  used.  This  series  lasted  4  days,  and 
shows  the  effect  of  changing  the  noise  somewhat  after  the  subject 
has  shown  evidence  of  adjustment  to  the  firsl  lype. 

Series  D  was  like  B,  the  only  difference  being  that  Subject  E 
served  in  place  of  H.     This  series  lasted  19  days. 

Table  2  summarizes  the  salient  facts  regarding  each  of  the  four 
experimental  series. 


IV.    Iv'i  BULTS 
1.  Output  of  tli>   Subjects 

Output  in  the  present  .study  is  measured  -imply  in  terms 
problems  done  during  a  given  sitting.     Wie  may  .  d  our 

observations  to  cover  the  number  of  problems  done  correctly,  com- 
paring the  data  obtained  under  conditions  of  qniel    with   th< 
obtained  when  the  noises  were  present. 

In  Series  A,  the  conditions  were  to  be  alternate  qniel  and  noisy 
days,  according  to  our  original  plan.     Owing  to  occasional  mishaps, 
it  proved  impossible  always  to  follow  this  plan.     As  a  result. 
have  the  two  sets  of  data  somewhat  out  of  alignment  at  ral 

points.  We  have  corrected  this  in  presenting  the  results  by  Betting 
each  noisy  day  opposite  the  immediately  preceding  quiet  day,  and 
indicating  breaks  in  the  schedule  by  correspond ing  gaps  in  the 
tables. 

The  data  on  output,  in  Series  A.  are  presented  numerically  in 
Table  3.  From  the  table  we  see  that  there  is  a  very  slight  improve- 
ment in  speed  throughout  the  series.  This  holds  for  both  quiet  and 
noisy  days.  The  gain  in  accuracy  is  more  marked.  The  subject  is 
approaching  his  physiological  limit;  and  there  seems  no  reason  for 
believing  that  the  learning  process  itself  will  affect  the  validity 
our  comparison  of  the  data  for  the  two  sets  of  conditio] 

The  effect  of  the  noise  upon  output  and  accuracy  vari<  rid- 

erably  from  one  day  to  another.  On  the  first  noisy  day  the  subj< 
worked  one  more  problem  than  he  had  done  on  the  preceding  qu 
day;  on  the  two  following  days  his  output  remained  the  same  : 
both  quiet  and  noise.  There  is  a  greal  deal  of  overlapping  between 
the  two  sets  of  results,  throughout  the  series.  At  one  point  towai 
the  end,  the  output  during  noise  is  as  much  as  s  points  below  that 
for  quiet;  while  very  shortly  thereafter,  it  is  :>  to  5  points  big] 
for  noise  than  for  quiet.     In  other  instanci      I       differ.  :re 

slighter. 

What  we  have  just  said  regarding  number  of  problems  worked 
is  equally  true  in  the  case  of  accuracy.     Eere,  however,  it  is  tr 
that  for  the  first  three  noisy  days  the  accuracy  is  lower  than  on  tin- 
preceding  quiet  days:  after  that  overlapping  occurs  at  many  poii 

In  order  to  ascertain  what,  if  any.  general  tendencies  might 
in  these  results,  we  have  averaged  our  data  in  four  groups  each  I 
quiet  and  noisy   days.     The   composition    of   each   of   tl.  :ht 

26 


26 


THE  EFFECTS  OF  NOISE  UPON  CERTAIN 


TABLE  3 

Problems  Worked,  Number  and  Percentages  Correct  on  Quiet  and  Noisy 

Days  in  Series  A 


Quiet  Days 

Noisy  Days 

Date 

Problt  TM 

No.  Right        % 

Date 

Problem* 

No.  Bight        % 

1/13 

46 

34 

75.5 

1/15 

46 

29 

63.0 

1/16 

15 

35 

77.8 

1/17 

45 

34 

75.5 

1/19 

48 

36 

75.0 

1/20 

47 

32 

68.1 

1/21 

50 

38 

76.1 

1/22 

46 

31 

67.4 

A  v. 

47  ± 

1.9 

74.5  ± 

3.3 

Av. 

46  ± 

0.6 

68.6  ±  5.3 

1/23 

50 

33 

66.0 

1/24 

48 

' 

72.9 

1/26 

45 

30 

66.7 

1/27 

49 

34 

69.4 

1/28 

47 

34 

72.4 

1/29 

47 

36 

76.6 

1/30 

48 

36 

75.0 

1/31 

50 

32 

64.0 

2/2 

50 

37 

74.1 

Av. 

48  ± 

1.9 

70.9  ± 

3.8 

Av. 

49  ± 

1.0 

70.7  ±  4.6 

2/4 

47 

41 

87.3 

2/5 

48 

37 

77.1 

2/6 

46 

30 

65.3 

2/7 

44 

31 

70.5 

2/16 

48 

41 

85.5 

2/17 

48 

44 

91.7 

2/18 

51 

46 

90.3 

2/19 

52 

40 

77.0 

2/24 

52 

32 

61.6 

2/25 
2/26 

44 
47 

36 
39 

81.9 
83.0 

Av. 

49  ± 

2.3 

78.0  ± 

11.7 

Av. 

47  ± 

1.5 

80.2  ± 

2/27 

49 

38 

77.6 

2/28 

48 

40 

83.4 

3/4 

48 

39 

81.4 

3/5 

53 

45 

85.0 

3/6 

49 

37 

75.5 

3/7 

52 

43 

82.7 

:;  '.» 

48 

39 

81.2 

3/10 

46 

40 

87.0 

3/11 

50 

42 

84.0 

3/13 

45 

32 

71.1 

Av. 

49  ± 

0.8 

79.9  ± 

3.0 

Av. 

49  ± 

1.7 

81.7  ±  5.6 

groups  is  indicated  in  Table  3.  As  may  be  seen,  the  data  for  quiet 
days  are  broken  up  into  four  groups  of  five  days  eaeli ;  while  the 
grouping  for  the  noisy  days  is  determined  by  the  preceding  quiet 
days.  The  four  groups  under  the  head  of  noise  arc.  therefore,  i 
uniform  in  size  than  are  the  others:  the  first  including  but  three 
days;  the  second,  four;  the  third,  six;  and  the  fourth,  five.  The 
averages  for  these  day-groups  are  also  presented  in  Table  3. 

The  results  by  day-groups  are  given  graphically  in  Figures  1 
and  5.  From  the  former  we  see  that  the  overlapping  of  the  two 
Bets  i>f  results  is  still  great:  too  great,  indeed,  for  the  obtained  dif- 
ferences to  have  any  significance,  taken  by  themselves.  The  small- 
ness  <'t'  the  groups  prevents  us  from  determining  this  fact  by  statis- 
tieal  methods;  but  we  may  say  with  certainty  that  any  effect  which 
the  noises  may  have  produced  was  slight.  The  results  which  we 
have  presented  are  based  upon  the  total  number  of  problems  done 
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during  the  entire  twenty  miniu  work;  and  from  them  we  c 

tell  nothing  of  the  effect  of  the  noise  during  the  first  minute,  the 
second  minute,  etc.,  in  this  series. 

The  accuracy  curves  in  Figure  5  are  somewhat  more  conclu- 
than  were  the  foregoing  results.     Here  we  observe  a  relatively  low 
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Figs.  1-8 

accuracy  under  the  noise  in  Group  1.  In  this  -  the  difference 
in  percentages  of  problems  correct  averages  7.1.  In  the  three  suc- 
ceeding day-groups  there  is  a  progress        gain  in  accuracy  with 

noise.  In  the  second  day-group,  the  two  curves  almost  touch  ;  while 
in  the  last  two  groups  the  accuracy  averaged  higher  for  noisy  than 
for  quiet  day-. 

In  the  absence  of  other  factors  which  might  account  for  the 
above  differences,  it  seems  safe  to  attribute  their  occurrence  to  the 
effects  of  the  noises.     Thus  we  may  say  that  the  effect  of  the  noise 
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was  to  produce  a  rather  decided  decrease  in  the  accuracy  of  Subject 
1 1 's  work  during  the  first  three  days  or  so.  Thereafter,  as  the  sub- 
ject became  adapted  to  the  noise,  the  accuracy  of  his  work  was  to  a 
small  extent  increased  on  days  when  it  was  present.  Although  the 
differences  themselves  are  slight,  their  trend  is  uniform  throughout 
the  remainder  of  the  series;  and  on  this  account  we  may  consider 
our  results  reliable. 

We  turn  to  the  consideration  of  output  in  the  other  experimental 
series.  Series  B  which  followed  immediately  upon  A,  and  lasted  for 
15  days,  differed  from  it  only  in  the  manner  of  presentation  of  the 
noise.  In  this  series,  as  in  all  thereafter,  quiet  days  were  elimi- 
nated, and  both  sets  of  conditions  were  presented  during  the  one 
twenty-minute  work  period,  the  first  half  of  which  was  quiet,  and 
the  second  noisy.  As  stated  before,  the  noises  used  were  the  same 
as  those  in  Series  A ;  namely,  office  noises. 

TABLE  4 

Problems    Worked   and   Percentages    Correct   During    Quiet   and   Noisy 
Halves  of  Sitting  (Number  of  Problems  Multiplied  by  2) 


Date 


Problems  %  Correct 

Quiet  Noise                      Quiet               Noise 

3/25 40  38 

3/26  46  44 

3/27  46  42 

3/28  50  46 

Av 46  ±  3.6  42  ±  3.0 

3/30  _ 44  44 

3/31  44  46 

4/1  46  48 

4/2 44  42 

Av 44  ±  1.0  45  ±  2.5 

4/6  42  46 

4/7  46  44 

4/8  48  46 

4/9 48  44 

Av 46  ±  2.5  45  ±  1.4 

4/15  12  42 

4/16  44  44 

4/17  50  48 

Av.  45  ±  3.5  45  ±  1.9 


Table  4  gives  the  output  and  accuracy  data  for  each  day  in 
Series  B  as  well  as  the  averages  in  four  day-groups.  Since  the 
figures  cover  two  periods  of  ten  minutes  each,  the  number  of  prob- 


90 

74 

87 

73 

91 

76 

64 

96 

83.0  ±  11.1 

79.8  ±  9.5 

70 

68 

70 

83 

92 

92 

91 

76 

80.8  ±  10.8 

79.8  ±  9.0 

81 

87 

70 

59 

75 

83 

71 

91 

74.3  ±  4.3 

80.0  ±  12.6 

81 

86 

73 

68 

96 

96 

83.3  ±  9.5 

83.3  ±  10.5 
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lems  worked  in  each  period,  noisy  and  quiet,  is  approximately  half 
the  corresponding  number  for  Series  A.  In  order  to  render  our 
results  comparable,  we  have,  therefore,  multiplied  by  2  the  number 
of  problems  worked  during  each  half  of  the  sitting. 

The  data  in  Table  4  show  that  for  the  first  four  days  the  number 
of  problems  worked  was  consistently  lower  during  the  second  ten 
minutes  (the  noisy  period)  than  during  the  first  ten  minutes  (the 
quiet  period).  Before  attributing  this  difference  in  output  to  the 
effect  of  the  noise,  we  must  first  consider  briefly  several  other  pos- 
sibilities which  might  account  for  it. 

The  question  of  "warming  up"  is  at  once  eliminated,  for  the 
simple  reason  that  the  differences  during  the  first  four  days  are 
exactly  opposite  in  direction  to  those  which  might  be  expected  were 
this  a  case  of  "warming  up."  As  a  matter  of  fact,  if  "warming 
up"  did  occur,  and  it  is  easily  possible  that  it  might,  since  no  pre- 
liminary work  period  was  given,  it  was  considerably  overbalanced 
by  some  other  factor  which  was  operative  during  the  second  ten 
minutes  of  work. 

The  possibility  of  fatigue11  towards  the  end  of  the  period  seems 
no  more  promising  as  an  explanation.  In  the  first  place,  twenty 
minutes  would  be  too  short  a  time  for  fatigue  to  manifest  itself  in 
the  subject's  work,  and  particularly  in  work  as  light  as  this12;  nor 
did  the  introspections  of  the  subject  himself  reveal  any  evidence 
of  it.  By  the  time  Series  B  was  run,  the  subject  had  had  consider- 
able practice  in  the  kind  of  mental  work  he  was  doing.  This  bein:_r 
true,  we  should  expect  fatigue,  if  present,  to  keep  the  output  during 
the  second  ten  minutes  consistently  below  that  for  the  first  ten  min- 
utes throughout,  the  entire  series.  Such,  however,  is  obviously  not 
the  case.  Beginning  with  the  fifth  day,  the  two  sets  of  results  for 
noise  and  quiet  overlap  in  much  the  same  manner  as  described  in 
Series  A;  the  output  being  greater,  sometimes  with  the  noise,  some- 
times with  the  quiet  conditions.  This  leads  as  to  attribute  the  dif- 
ference once  more  to  the  effect  of  the  noise. 

The  discussion  which  we  have  just  concluded  might  be  applied 
equally  well  to  our  data  on  accuracy  in  Series  B.     The  picture  the 
is  much  the  same:  a  relatively  low  accuracy  for  the  first  three  'lays 
under  noise;  after  which  the  results  continually  overlap. 


ii  The  word  fatigue,  as  used  here,  is  simply  a  convenient  term  for  denoting 
those  progressive  decreases  in  output  which  occur  when  any  kind  of  work  is 
protracted  over  a  long  enough  period  of  time.  For  a  critical  discussion  of  this 
concept,  see  Schubert   (33). 

12  See  Poffenberger  (27,  28,  29),  and  Thorndike  (37). 
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These  data  are  presented  graphically  in  Figures  2  and  6.  From 
them  it  is  evident  that,  as  in  Series  A,  output  is  affected  very  little 
by  the  noise,  excepting  in  the  first  group.  It  is  true,  however,  thai 
iu  this  series  there  is  a  somewhat  greater  tendency  for  output,  dur- 
ing the  noise,  to  remain  below  output  during  quiet  conditions;  but 
the  differences  remain  small  at  all  times. 

The  curves  for  accuracy  are  in  many  respects  suggestive  of  those 
in  A.  In  the  first  two  groups  the  noise  seems  to  have  had  an  adverse 
effect  upon  the  accuracy  of  the  work;  but  the  accuracy  for  noisy 
work,  after  remaining  almost  constant  at  approximately  80  percent 
during  the  first  three  da3*-groups,  rises  in  Group  IV  to  83.3  percent 
— exactly  the  same  as  the  corresponding  figure  for  quiet. 

"We  must  now  raise  the  question  as  to  the  reason  for  the  results 
in  Series  B  repeating  so  closely  those  in  A.  AVe  have  seen  that  tin1 
subject  had  apparently  adjusted  himself  to  the  presence  of  the  n" 
throughout  the  entire  twenty  minutes  of  work,  and  had  learned  to 
work  as  well,  if  not  better,  than  when  this  noise  was  not  present. 
Then,  the  experimental  set-up  being  changed  slightly,  the  entire 
process  of  adjustment  must  be  gone  over  once  more.  Two  possible 
answers  to  our  question  suggest  themselves. 

The  first  is  that,  by  fractionating  the  data  to  this  extent,  we  have 
come  upon  an  immediate  noise  effect  which  Avas  present  in  Series  A. 
but  which  was  swallowed  up  in  the  more  general  effect  observed  by 
regarding  the  entire  twenty  minutes  in  one.  Conceivably  the  initial 
effect  of  the  noise  was  to  retard;  a  tendency  which  the  subject 
gradually  overcame  as  the  sitting  progressed.  Moreover,  adjust- 
ment to  this  initial  effect  might  very  well  require  a  longer  time  than 
adjustment  to  the  general  presence  of  the  noise.  If  this  hypothesis 
be  true,  we  should  say  that  in  Series  A  we  were  observing  the  adjust- 
ment of  our  subject  to  the  general  effects  of  the  noise  over  a  longer 
period  of  time;  while  in  B  we  observed  the  later  stages  of  adjust- 
ment to  the  more  immediate  initial  effects.  Possibly,  had  we  gone 
further  and  cut  our  noise  period  to  five  minutes,  we  might  have 
obtained  a  third  set  of  curves,  resembling  in  their  general  form  those 
in  A  and  B. 

A  second  possible  answer  to  our  question  might  be  found  in  the 
"set"  of  the  subject  In  Series  A  noise  and  work  began  simul- 
taneously; ami  the  subject  fell  into  the  swing  of  his  task  to  the 
accompaniment  of  the  noise  In  l'»  he  was  already  well  under  way 
with  his  work  when  the  sound  was  introduced;  and  during  the  sec- 
ond half  of  the  work  period  he  was  faced  with  the  necessity  of  keep- 
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ing  this  work  up  to  standard,  while,  at  the  same  time,  adjusting 
himself  to  the  presence  of  the  other  stimulus.  Such  an  adjustment 
might  well  result  in  a  temporary  loss  in  quantity  and  quality  of 
work  done. 

These  data  do  not  permit  us  to  carry  through  the  analysis  to 
the  solution  of  the  problem.  In  our  other  data — in  heart  rate, 
respiration,  and  metabolism — we  have  come  closer  to  accomplishing 
this  result;  and  we  may,  therefore,  hope  to  throw  additional  light 
upon  the  question  later. 

Series  C  was  very  brief,  lasting  only  four  days.  The  procedure 
here  was  the  same  as  in  Series  B.  We  wished  merely  to  discover 
what  effect  would  be  produced  by  a  change  in  the  noises  used ;  and 
to  this  end  we  experimented  with  the  record  of  street  noises.  This 
record,  it  will  be  remembered,  was  somewhat  louder  than  the  other 
one. 

The  data  on  output  and  accuracy  in  Series  C  are  presented  in 
Table  5,  and  in  Figures  3  and  7.     Interestingly  enough,  in  this 

TABLE  5 
Problems  Worked  and  Percentages  Correct  During  Quiet  and  Noisy  Con- 
ditions (Number  of  Problems  Multiplied  by  2) 

Problems  %  Cor/ 

Date  

Quiet  Noise  Q»  Noise 

4/20  50  42  88.0  71.5 

4/21 48  42  83.4  90.5 

4/22  48  44  91.6 

4/23  48  48  75.0  91.7 


series  it  is  the  results  in  output  which  are  the  most  clear-rut  and 
decisive.  The  curve  of  adjustment  is  almost  perfect,  and  in  not  one 
case  is  there  crossing  of  the  two  lines.  The  effect  of  noise  upon  out- 
put is  here  unmistakably  in  the  direction  of  retardation  ;  an  effect 
which  becomes  progressively  less  marked  from  day  to  day,  until  it 
disappears  altogether  at  the  end  of  the  ser: 

Our  data  on  accuracy  in  this  series  are  not  at  all  conclusive. 
This  may  be  due  in  part  to  the  fact  that  we  have  not  sufficient  results 
to  present  averages  as  heretofore.  Certainly  we  would  not  be  jus- 
tified in  attributing  the  changes  which  we  observe  here  to  the  effi 
of  the  noise,  in  view  of  the  wide  fluctuations  that  previous  exper- 
ience has  led  us  to  expect  in  accuracy.  We  can  only  present  the 
data  as  they  stand,  and  leave  them  without  furti  anient. 
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In  Series  D  the  new  subject  served.  In  all  other  respects  this 
series,  which  lasted  19  days,  was  similar  to  B.  The  record  of  office 
noises  was  used  in  this  series. 

Table  6  presents  the  usual  data  on  output  and  accuracy  for 
Series  D,  the  curves  for  which  are  given  in  Figures  4  and  8.     It  is 

TABLE  6 

Problems  Worked  and  Percentages  Correct  Under  Quiet  and  Noisy  Con- 
ditions in  Series  D  (Number  of  Problems  Multiplied  by  2) 


Problems 

% 

Correct 

Bate 

Quiet 

Noise 

Quiet 

Noise 

5/11  

90 

48 

73 

83 

5/12  

74 

70 

89 

69 

5/13  

74 

70 

84 

v.i 

5/14  

72 

74 

81 

76 

5/18  

70 

66 

83 

88 

Av 

70  ■+■ 

7.3 

66  ± 

9.2 

82.0 

Hh 

5.2 

81.0  ±  7.0 

5/19  

76 

74 

82 

76 

5/20  

76 

74 

87 

92 

5/21  

72 

70 

94 

91 

5/22  

70 

70 

86 

77 

5/23  

80 

72 

85 

75 

Av 

75  -•- 

3.6 

72  ± 

1.7 

86.8 

+ 

4.0 

82.2  ±  7.7 

5/25 

74 

72 

81 

83 

5/26 

82 

78 

93 

90 

5/27 

98 

78 

78 

74 

6/4  

68 

74 

6/5  

72 

76 

86 

92 

Av 

79  ■+■ 

10.6 

76  ± 

2.4 

84.5 

-+- 

6.3 

84.8  ±  7.0 

6/6  

76 

72 

90 

86 

6/8  

82 

76 

93 

87 

6/9 

80 

82 

83 

83 

6/10 

80 

82 

88 

73 

Av 

80  ± 

2.2 

78  ± 

3.7 

ss.r, 

+ 

3.8 

82.3  ±  5.5 

evident  that  Subject  E  was  a  much  more  rapid  worker  than  was  H. 
As  in  the  two  preceding  series,  however,  we  have  multiplied  the 
number  of  problems  worked  in  each  ten  minute  period  by  2,  in  order 
to  facilitate  the  comparison  of  the  results  from  each  series. 

In  this  series,  as  in  C,  the  day  to  day  results  are  much  less 
equivocal  in  output  than  in  accuracy.  The  effect  of  the  noise  on 
the  first  clay  was  striking  and  unmistakable,  cutting  down  the  out- 
put by  almost  one-half.  During  the  succeeding  days,  it  is  possible 
to  trace  the  process  of  adjustment.  This  adjustment  came  slowly, 
probably  because  this  was  the  subject's  first  experience  with  the 
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noise.  The  slightly  higher  output  during  noise  on  the  fourth  day 
was  very  likely  due  to  chance,  and  does  not  occur  again  until  the 
fourteenth  day.  From  then  on,  noisy  and  quiet  days  overlap  until 
the  end  of  the  series.  The  peculiar  results  on  the  fourteenth  day 
(6/4)  are  probably  due  to  loss  of  practice  during  the  week's  break 
just  preceding,  and  to  the  regaining  of  form  during  the  day's  work. 

The  data  on  accuracy  in  this  series  are  interesting.  At  first 
glance,  their  trend  might  seem  to  differ  very  little  if  at  all,  from 
those  in  Series  A,  B,  and  C.  There  is  the  characteristic  overlapping 
of  the  results  which  we  have  been  led  to  expect.  Closer  examina- 
tion, however,  will  reveal  the  fact  that  this  overlapping  occurs  less 
frequently  after  about  the  middle  of  the  series ;  or,  in  other  words, 
the  effect  of  the  noise  upon  accuracy  is  more  clear-cut  towards  the 
end  than  at  the  beginning. 

The  curves  of  averages  (Figure  8)  show,  after  the  first  five  days, 
a  parallel  increase  in  output  in  the  two  periods,  the  noisy,  however, 
remaining  almost  constantly  below  the  quiet.  The  accuracy  curve 
is  altogether  different  from  any  that  we  have  so  far  observed.  The 
noise  in  this  series  seems  to  have  held  the  accuracy  down,  while 
accuracy  during  quiet  conditions  increased  from  82.0  to  88.5  per- 
cent. 

These  differences  in  the  effect  of  noise  on  the  accuracy  of  Sub- 
jects H  and  E  may  have  resulted  from  several  factors,  such  as  dif- 
ferences in  speed  of  work  as  well  as  possible  differences  in  driw. 

To  summarize  our  findings  thus  far,  we  may  say  that  tin*  noises 
which  we  used  produced  a  definite  effect  upon  the  work  of  both  sub- 
jects; an  effect  which  showed  itself  either  in  output  or  in  accura 
or  in  both.  The  changes  produced  by  the  noises  were  generally 
slight,  and  tended  to  be  obscured  by  the  day-to-day  variability  of 
the  results.  Moreover,  there  was  found  considerable  overlapping 
of  the  two  sets  of  results,  for  noisy  and  quirt  periods.  Neverthe- 
less, changes  appeared,  always  in  the  direction  of  retardation  at 
first;  and  it  was  possible  to  trace  the  course  of  the  adjustment  of 
our  subjects  to  the  noise. 

This  adjustment  process  took  two  shapes.  In  the  ease  of  output. 
it  consisted  of  a  gradual  increase  in  the  number  of  problems  worked 
during  the  second  or  noisy  period,  until  the  averages  of  the  results 
in  small  groups  of  four  or  five  days  each  showed  no  appreeiable 
difference  between  output  in  the  two  periods.  Overlapping  of  the 
two  curves,  or  the  striking  of  a  parallel  course  over  1  such 

day-groups  was  taken  as  a  criterion  of  adjustment. 
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In  the  matter  of  accuracy,  adjustment  Beemed  to  take  the  form 
of  an  increase  under  noisy  conditions  with  Subject  H.  This  oc- 
curred in  two  of  the  series,  -while  in  the  third,  no  consistent  chan_ 
at  all  were  observed.  Subject  E  failed  to  show  any  adjustment  in 
accuracy,  his  percentage  of  problems  done  correctly  remaining 
approximately  the  same  under  the  noisy  conditions. 

The  time  required  for  adjustment  to  the  noise  was  found  to 
range  roughly  from  five  to  ten  days,  according  to  whether  the  sub- 
ject had  served  in  previous  series  or  not.  Changes,  either  in  the 
noises  themselves,  or  in  the  matter  of  presentation,  resulted  in  a 
repetition  of  the  adjustment  process,  though  in  a  much  abbreviate sd 
form.  To  this  extent,  at  least,  we  found  evidence  of  transfer  in 
our  experiments. 

In  view  of  all  that  we  have  had  to  say  regarding  the  variability 
of  our  results,  one  might  well  raise  the  question  as  to  the  effects  of 
the  noise  upon  the  general  variability  in  performance  of  our  sub- 
jects. Although  the  number  of  cases  within  each  of  our  day- 
groups  is  small — too  small,  probably,  to  be  highly  reliable,  we  may 
attempt  to  answer  the  question  in  part,  by  calculating  the  standard 
deviations  and  the  coefficients  of  variability  for  each  of  these 
groups.13 

These  SDs  will  be  found  in  the  respective  tables  for  Series  A,  B, 
and  D.  Series  C,  it  will  be  remembered,  consisted  of  but  four  days, 
and  therefore  it  was  impossible  to  present  averages  in  this  instance. 
The  coefficients  of  variability  are  given  in  Table  7. 

The  general  trend  of  the  results  indicates  that  the  effect  of  the 
noise  was  first  to  decrease,  then  gradually  to  increase  the  variability 
of  output.  This  is  most  clearly  shown  in  Series  A  and  B.  In  the 
latter,  the  overlapping  in  the  second  day-group  may  or  may  not  be 
an  exception  to  this  statement,  In  the  case  of  Series  D,  there  is 
first  an  increase  in  variability  during  the  noisy  period;  then  a  sharp 
drop,  followed  by  a  gradual  gain,  until  the  end,  where  variability 
under  noise  again  slightly  exceeds  variability  under  quiet.  With 
the  exception  of  the  first  day-group,  Series  D  resembles  Series  A  in 
this  respect  more  closely  than  it  resembles  Series  B.  This,  more- 
over, that  what  we  would  naturally  be  led  to  expect,  since  both  A 
and  D  mark  the  subjects'  first  experience  with  the  noise;  while  B 
is  rather  an  intermediate  series,  whatever  may  be  our  interpreta- 
tion of  it. 


„^    ^  •  .  SDxlOO 

13  Coefficient  of  variability,  or  V= s . 

•"  Av. 
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TABLE  7 

Showing  Coefficients  of  Variability  in  Output  and  Aj  i  i  ;:acy  for  Quiet 
and  Noisy  Periods  in  Series  A,  B,  and  D 


Bay-Group 


Output 


Quiet 


Noise 


Accuracy 


■ 


I 

4.04 

1.30 

II  

3.96 

2.04 

Ill    ..: 

4.69 

3.19 

IV 

1.63 

3.47 

I    

7.83 

7.14 

II    

2.27 

5.43 

Ill    

5.43 

3.18 

IV 

7.61 

4.32 

I    

9.60 

12.94 

II 

4.86 

2.36 

ni 

13.59 

3.16 

IV  

2.75 

4.74 

4.43 

7.86 

5.36 

7.89 

11.80 

9.03 

5.40 

6.85 

13.44 

11.71 

13.02 

11.50 

5.81 

16.10 

11.50 

12.18 

6.37 

9.28 

4.63 

9.23 

7.23 

8.31 

4.35 

6.72 

Turning  to  accuracy,  we  again  find  a  closer  agreement  between 
Series  A  and  D  than  between  either  of  these  and  Series  B.  Taking 
the  two  former  together,  we  may  say  that  the  noise  tended  in  both 
to  increase  the  variability  of  accuracy  at  first;  the  two  sets  of  result-, 
however,  drawing  closer  together  towards  the  end  of  each  series. 
Even  at  the  very  end,  variability  was  higher  during  the  noisy  period 
than  during  the  quiet  period.  In  Series  B,  exactly  the  opposite  was 
true:  the  noise  at  first  decreased  the  variability  of  the  subject'- 
accuracy,  increasing  it  slightly  towards  the  end  of  the  series.  Here 
again  we  have  B  as  an  intermediate  step  between  A  and  D.  II 
regrettable  that  Series  C  was  too  short  to  permit  .similar  calculations 
as  to  variability. 

Were  we  obliged  to  generalize  from  our  data  on  mental  work 
alone,  we  might  well  conclude  that  noise,  or  a  certain  kind  of  noise 
at  least,  has  little  or  no  real  effect  upon  either  output  or  accuracy. 
The  important  question  at  issue,  however,  is  whether  the  different 
between  quiet  and  noisy  periods  do  not  become  more  significanl 
when  energy  expenditure  during  the  work  as  well  as  output  \B  taken 
into  consideration.  This  question  we  shall  essay  to  answer  in  the 
pages  which  follow. 

2.  Energy  Expenditure  during  the  Work 

Metabolism  is,  of  course,  the  measure  of  the  energy  expenditure 

of  our  subjects.     We  shall  take  as  our  chief  index  of  this  proc 
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metabolic  rate,  which  we  have  already  defined  as  the  number  of 
calories  produced  per  hour  per  square  meter  of  body  surface.  In 
this  section  we  shall  follow  the  same  style  of  presentation  as  in  the 
data  for  output  and  accuracy,  giving  the  day-to-day  results,  as  well 
as  the  averages  for  small  day-groups. 

In  Series  A  we  have  determined  the  metabolic  rate  for  the  ten- 
minute  rest  period  (Rest)  ;  the  first  ten  minutes  of  work  ("Work  I) 
and  the  second  ten  minutes  of  work  (Work  II).  The  work  curve 
is  plotted  by  laying  out  the  successive  work  periods  along  a  horizon- 
tal axis ;  and  the  metabolic  rates  along  vertical  axes ;  and  drawing 
lines  between  the  points  which  have  been  located  thereon. 

In  Table  8  are  given  the  metabolic  rates  for  Rest,  Work  I,  and 
Work  II  in  Series  A.     "We  see  that  for  the  first  seventeen  days  of 


TABLE  8 

Showing  Changes  in  Metabolic  Rates  with  "Work  tor  Quiet  and  Noisy 

Days  in  Series  A 


Quiet  Days 

Noisy  Days 

Date 

Date 

Rest 

Work  I 

Work  II 

Rest 

Work  I 

Work  II 

1/13  

.     39.05 

45.40 

49.25 

1/15  

.     37.45 

46.82 

54.06 

1/16  

.     35.29 

40.16 

46.09 

1/17  

.     32.30 

46.82 

46.59 

1/19  

.     38.70 

45.56 

41.39 

1/20  

.     36.57 

48.13 

47.47 

1/21  

.     38.77 

45.83 

49.97 

1/22  

.     39.24 

50.57 

49.37 

Av 

.     37.68 

45.02 

46.83 

Av 

.     36.33 

48.07 

50.01 

1/23  

.     36.58 

48.65 

47.78 

1/24  

.     43.99 

46.91 

47.62 

1/26  

.     36.03 

44.20 

43.33 

1/27  

.     37.47 

47.30 

52.04 

1/28  

.     35.68 

43.36 

40.27 

1/29  

.     39.29 

44.23 

43.94 

1/30 

33.36 

40.41 

46.28 

1/31 

41.37 

48.73 

43.92 

2/2     

.     37.80 

43.24 

45.21 

Av 

.     35.89 

43.97 

44.57 

Av. 

40.53 

46.79 

46.88 

2/4     

.     35.00 

53.43 

45.29 

2/5     

.     40.92 

46.08 

45.09 

2/6     

.     38.86 

44.07 

49.28 

2/7     

.     39.26 

47.77 

47.17 

2/16  ... 

37.45 

43.36 

43.63 

2/17 

.     39.42 

50.21 

52.46 

2/18  

.     38.62 

46.83 

47.59 

2/19  

41.79 

47.96 

47.36 

2/24  

.     44.IW 

45.32 

45.49 

2/25  

.     36.18 

44.55 

43.66 

2/26  

.     41.50 

45.48 

41.93 

Av 

..     38.91 

46.60 

46.2:, 

Av. 

39.68 

47.01 

46.28 

2/27  .... 

.     37.15 

47.53 

47.84 

2/28  .... 

36.73 

K',.46 

45.57 

3/4     .... 

.     40:20 

46.75 

41.72 

3/5     .... 

38.49 

48.46 

49.35 

3/6 

..    37.28 

46.53 

46.0!' 

3/7     .... 

.     36.58 

45.82 

47.96 

3/9    .... 

..     33.84 

50.r>2 

44.11 

3/10  

.     39.36 

48.36 

44.11 

3/11  .... 

41.:,:, 

49.05 

46.66 

3/13  

.     43.70 

46.36 

44.64 

Av. 

..     38.00 

48.08 

45.28 

Av 

.     38.97 

47.09 

46.33 

this  scries,  the  working  metabolism  of  Subject  H  is  consistently 
higher  on  any  given  noisy  day  than  on  the  corresponding  quiet  day. 
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Although  there  are  quiet  days  during  which  the  working  metabolic 
rate  is  higher  than  on  certain  noisy  days,  the  two  sets  of  data  never 
overlap  at  corresponding  points  in  the  first  half  of  the  series.  The 
differences  between  the  two  range  from  less  than  one  to  more  than 
five  points.  During  the  last  half  of  the  series,  however,  we  observe 
the  rates  beginning  to  overlap,  just  as  did  the  output  data  in  the 
preceding  section;  and  this  we  took  to  indicate  adjustment  to  the 
noise  on  the  part  of  the  subject.  Having  observed  this  much,  we 
are  now  ready  to  discuss  the  averages  of  day-groups.  These  will  be 
found  in  Table  8  and  in  Figures  9-12. 
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Figs.  9-24 

Showing  Changes  in  Metabolic  Rate  in  Successive  Work  Periods  by  Day- 
Groups  in  Series  A,  B,  C,  D. 
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We  have  already  described  our  method  of  plotting  a  work  curve. 
In  Figures  9-12  are  shown  four  such  work  curves — one  for  each  of 
the  four  day-groups  in  Series  A.  Each  of  these,  therefore,  repre- 
sents a  composite  picture  of  the  changes  in  metabolic  rates  during 
the  days  covered  by  that  group.  All  show  in  a  very  striking  man- 
ner the  effect  of  the  noise  upon  the  working  metabolism  of  the  sub- 
ject, and  the  progress  of  his  adjustment  to  this  noise.  From  the 
figures  we  see  that,  in  all  four  day-groups,  the  noise  is  about  equally 
effective  in  each  work  period;  that  is  to  say,  there  are  no  striking 
differences  between  Work  I  and  Work  II  in  regard  to  the  effect  of 
noise  on  metabolic  rate. 

In  the  second  day-group  (Table  8  and  Figure  10)  we  note  that 
the  average  resting  metabolism  is  almost  5  points  higher  for  noisy 
than  for  quiet  days.  The  table  shows  high  resting  metabolic  rates 
on  three  out  of  the  four  noisy  days  in  this  group.  The  most  obvious 
explanation  for  this  tendency,  which  is  present  to  a  lesser  extent  in 
other  day-groups  of  this  series,  might  lie  in  the  emotional  response 
of  the  subject  to  the  expectation  of  the  noise.  Subject  H  knew  on 
what  days  the  noise  was  to  be  present;  and  this  fore-knowledge 
might  well  have  affected  his  emotional  tone  sufficiently  to  have 
raised  his  resting  metabolism. 

In  Series  B  (Table  9)  we  have  samples  of  the  metabolism  of  our 
subject  during  the  following  periods:  Rest  (10  minutes)  ;  the  first 
ten  minutes  of  work  (Work  I)  ;  the  first  three  minutes  of  the  second 
work  period  (Work  II)  ;  the  last  seven  minutes  of  the  second  work 
period  (Work  III)  ;  the  first  three  minutes  of  rest  following  the 
work  (Recovery  1)  ;  and  the  next  ten  minutes  of  recovery  (Recov- 
ery 2).  Work  I  was  performed  under  conditions  of  quiet;  Work 
II  and  Work  III  under  the  noisy  conditions. 

The  day-to-day  data  on  metabolism  in  this  series  are  less  conclu- 
sive than  were  the  corresponding  measures  of  output  and  accuracy. 
Judging  by  our  criterion  of  overlapping  of  the  results,  the  process 
of  adjustment  to  the  noise,  which  we  traced  in  Series  A,  is  compara- 
tively undisturbed  by  the  new  procedure  in  this  series — at  least 
when  we  measure  the  effects  of  the  noise  in  terms  of  metabolic  rate. 
Even  on  the  first  day,  the  metabolic  rates  for  both  noisy  periods  are 
slightly  below  those  for  the  quiet  period.  Work  II,  moreover, 
which  was  introduced  in  the  hope  of  discovering  any  initial  effects 
of  the  noise  during  the  first  three  minutes  of  its  presentation,  is 
wholly  negative;  for  it  remains  consistently  lower  than  Work  III 
throughout,  tin1  scries.     Evidently,  then,  the  effect  of  the  noise  upon 
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TABLE  9 
Metabolic  Rates  for  Successive  Days  in  Rerii 


Quiet 

Quiet 

No 

Noise 

Qi 

Quiet 

Date 

Best 

Work  I 

Work  II 

Work  III 

U>  o.  1 

Bcr 

3/25  

34.96 

46.58 

41.65 

14.34 

43.45 

3/26  

38.14 

46.11 

42.61 

40.01 

41.09 

40.70 

3/27  

36.70 

42.16 

43. CI 

4. '..16 

45.75 

38.2  1 

3/28 

39.92 

42.14 

47.53 

47.93 

46.97 

40.54 

Av. 

37.43 

44.25 

43.85 

44.36 

41 

39.83 

3/30 

32.65 

46.15 

43.69 

46.30 

16 

38.68 

3/31  

42.79 

40.23 

37.71 

42.18 

45.96 

37.84 

4/1     

41.79 

41.02 

44.72 

43.92 

;i 

38.80 

4/2     

41.77 

54.04 

42.80 

54.11 

16 

45.28 

Av. 

39.75 

45.36 

42.23 

46.63 

47.37 

40.15 

4/6     

38.52 

49.81 

49.06 

49.40 

.10 

34.r.  1 

4/7     

35.55 

45.56 

41.35 

46.12 

41.72 

35.1 

4/8     

33.87 

45.58 

42.82 

45.38 

43.2  7 

37.41 

4/9     

..       36.36 

50.32 

4.1.00 

47.36 

44.82 

38.46 

Av. 

36.03 

47.82 

44.56 

47.07 

43.98 

36.50 

4/15  

38.31 

46.98 

43.44 

44.05 

40.44 

37.19 

4/16  

37.99 

46.03 

44.19 

46.34 

41.66 

39.45 

4/17  

38.45 

47.68 

42.40 

47.7.1 

39.63 

38.59 

Av. 

38.25 

46.90 

43.34 

46.05 

40.58 

38.41 

metabolism  is  one  of  summation,  after  the  subject  has  become  par- 
tially adjusted. 

One  cannot  fail  to  note  the  rather  curious  effect  which  occurs 
on  the  sixth  day  of  this  series  (3/31).  The  rates  for  all  three  work 
periods,  while  retaining  their  relative  positions  with  respect  to  one 
another,  drop  below  the  rtae  for  resting  metabolism.  This  effect 
seems  to  be  the  product  of  a  rather  high  resting  metabolism  for  that 
day,  together  with  working  metabolic  rates  which  are  somewhat 
lower  than  ordinary.  Inasmuch  as  we  are  here  concerned  pri- 
marily with  the  relationships  existing  between  the  three  rates  for 
work,  this  seeming  anomaly  need  not  concern  us  further  now. 
When  we  come  to  discuss  the  increases  iu  metabolic  rate  accom- 
panying mental  work,  we  shall  consider  this  particular  case  at 
greater  length. 

When  the  data  from  this  series  are  averaged  in  day-groups  and 
the  curves  plotted  (Figures  13-16).  they  show  us  that  there  is  very 
little  change  in  the  adjustment  process  throughout  the  enl  ies. 

In  the  first  two  groups,  Work  III  is  very  slightly  above  Work  I  in 
metabolic  rate;  while  in  the  last  two  groups,  it  is  just  below  Work  I. 
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The  relationship  between  "Work  II  and  Work  III.  the  two  noisy 
periods,  remains  almost  constant,  with  the  latter  consistently  above 
the  former. 

Recovery  shows  the  greatest  amount  of  change  in  Series  B. 
During  the  first  two  day-groups,  it  will  be  noted,  the  average 
metabolic  rate  for  the  first  three  minutes  of  rest  after  the  cessation 
of  work  and  noise  (Rec.  1)  was  as  high,  if  not  higher  than  the 
working  metabolic  rate.  Beginning  with  the  third  day-group,  the 
rate  for  Rec.  1  falls  considerably  below  that  for  "Work  III ;  until,  in 
the  fourth  day-group,  it  is  only  slightly  above  the  rate  for  Rest,  as 
determined  at  the  beginning  of  the  sitting.  Recovery  2,  on  the 
other  hand,  closely  approximates  the  resting  rate,  showing  very 
little  change  throughout  the  series. 

It  is  regrettable  that  we  have  no  control  data  on  recovery  after 
mental  work  under  quiet  conditions.  "We  can  only  hope  that  the 
combined  data  from  Series  B,  C,  and  D  will  in  some  measure  make 
up  for  this  deficiency.  In  view  of  the  very  evident  adjustment 
which  progresses  uniformly  through  Series  B,  however,  we  shall 
venture  to  attribute  the  changes  in  Rec.  1  to  further  adjustment  to 
the  noise  on  the  part  of  the  subject. 

There  is  one  other  question  which  arises  in  connection  with  the 
comparison  of  the  working  metabolic  rates  under  quiet  and  noisy 
conditions.  Supposing  that  we  average  together  the  metabolic  rates 
for  "Work  II  and  Work  III,  so  as  to  obtain  a  general  picture  of  the 
working  metabolic  rate  under  the  noisy  conditions ;  how  will  this 
compare  with  the  picture  for  "Work  I  performed  under  quiet  con- 
ditions ?  If  we  average  them,  however,  are  we  to  give  equal  weight 
to  Work  II  and  Work  III  or  not?  Should  we  not  give  a  double 
weight  to  the  latter,  since  it  is  approximately  twice  as  long  as  the 
former;  and  since  one  ordinarily  expects  measures  of  average  rate 
to  be  more  accurate,  the  longer  the  period  over  which  they  are 
observed?  On  the  other  hand,  should  we  desire  to  give  due  repre- 
sentation to  any  possible  immediate  noise  effects  which  might  show 
themselves  in  the  first  (and,  incidentally,  the  shorter)  work  period, 
we  would  naturally  expect  to  assign  the  double  weight  to  it,  rather 
than  to  the  second  period. 

Without  attempting  to  decide  between  these  alternatives,  we 
have  averaged  the  metabolic  rates  for  Work  II  and  Work  III  in 
ratios  1:2;  1:1;  and  2:1;  and  presented  the  data  for  all  three  in 
Table  10.     From  this  table,  we  see  that  in  each  case  the  metabolic 
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TABLE  10 

Showing  Metabolic  Rates  tor  Work  I,  and  for  Work  II  and  Work  III, 

Averaged  in  Three  Different  Katios,  for  Successive 

Day-Groups  in  Series  B 


Group 

Work  I 

Work  II  4-  III 

1:2 

1:1 

2:1 

I  

44.25 

44.19 

44.11 

44.02 

II   

45.36 

45.16 

44.43 

43.70 

Ill 

47.82 

46.23 

45.87 

45.40 

IV 

46.90 

45.15 

44.70 

44.24 

rate  for  the  noisy  period  is  consistently  below  that  for  the  corre- 
sponding quiet  period;  the  only  difference  being  in  the  amount  of 
difference  between  the  two.  When  greater  weight  is  given  to  the 
second  and  longer  of  the  noisy  periods,  the  values  are  almost  iden- 
tical ;  when  greater  weight  is  given  to  the  shorter  period,  this  brings 
the  value  for  noise  several  points  below  that  for  quiet.  Averaging 
the  two  in  equal  ratios  results  in  values  for  noise  which  fall  approxi- 
mately midway  between  the  other  two.  We  are  inclined  to  the 
belief  that  the  first  method  of  averaging,  namely  by  giving  greater 
weight  to  the  longer  period,  is  the  proper  procedure. 

The  metabolic  data  for  the  four  days  in  Series  C  are  given  in 
Table  11,  and  in  Figures  17-20.     In  this  series  the  change  in  the 

TABLE  11 
Showing  Metabolic  Rates  for  Successive  Days  in  Series  C 


Date 

Quiet 

Quiet 

Noise 

Noise 

Quiet 

Qu 

Eest 

Work  I 

Work  II 

Work  III 

Eec.l 

4/20 
4/21 
4/22 
4/23 

38.16 
36.08 
36.80 
37.82 

46.03 
45.92 
46.43 

46.74 

55.03 
40.68 
45.01 
45.70 

42.36 
45.49 
47.30 
47.74 

44.65 
36.04 
38.90 
44 

48.52 

39.61 

-.86 

38.50 

noise  used  resulted  in  a  marked  change  in  the  form  and  relationship 
of  the  metabolic  rate  curves.  On  the  first  day  the  rate  during  the 
first  three  minutes  of  work  with  noise  was  9  points  above  that  for 
the  ten  minutes  of  quiet  work;  while  for  the  last  seven  minutes  of 
noise,  the  rate  was  almost  4  points  below  that  for  quiet.  This 
means  that  there  was  a  differenee  amounting  to  almost  14  points 
between  the  metabolic  rates  for  the  two  noisy  periods,  t:  nd 

one  being  considerably  lower.  On  each  of  the  three  succeeding 
days,  however,  the  first  three  minutes  of  noise  showed  a  lower 
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metabolic  rate  than  did  the  last  seven  minutes;  and  on  the  last  two 
days  the  rate  for  the  ten  minutes  of  quiet  work  fell  midway  between 
the  rates  for  the  two  noisy  periods. 

The  introduction  of  the  new  noise  presented  a  new  condition,  to 
which  the  subject  was  obliged  to  adjust  himself.  This  adjustment, 
however,  evidently  came  more  rapidly  than  did  the  adjustment  to 
the  first  set  of  noises;  undoubtedly  because  of  the  subject's  previous 
experience  with  those  noises. 

The  fact  that,  at  the  beginning  of  the  series,  the  first  three  min- 
utes of  noise  showed  the  greatest  effect,  is  interesting.  Generaliz- 
ing from  the  four  pictures  of  the  work  curve  in  Figures  17-20,  we 
may  say  that  the  immediate  effects  tend  to  show  up  most  strongly 
at  the  beginning  of  the  series.  Adjustment,  likewise,  appears  first 
in  this  phase;  and  during  the  latter  stage  of  the  series,  the  noise 
becomes  cumulative  rather  than  immediate  in  its  effect.  As  to  the 
sharp  decline  in  metabolic  rate  during  "Work  III  on  the  first  day, 
this  possibly  was  due  to  the  sudden  large  burst  of  energy  which  was 
expended  during  Work  II ;  and  after  which  the  subject  slacked  up 
somewhat  in  his  effort.  This,  however,  must  remain  a  conjecture, 
for  we  have  no  fractionated  record  of  output  with  which  to  com- 
pare our  data  on  metabolism. 

Our  data  on  recovery  in  this  series  also  show  interesting  changes. 
On  the  first  day,  the  metabolic  rates  for  both  recovery  periods  are 
higher  than  the  rate  for  Work  III,  and  Recovery  2  is  higher  than 
Recovery  1 ;  while  thereafter  the  two  gradually  assume  a  normal 
relationship  to  one  another.  The  data  for  the  fourth  day  bear  an 
almost  perfect  resemblance  to  the  corresponding  data  in  the  preced- 
ing series,  though  Work  III  is  just  a  bit  higher  than  Work  I.  We 
may  say  that  by  the  end  of  the  fourth  day  this  subject  gives  evi- 
dence of  well  nigh  perfect  adjustment  to  the  new  noise,  as  far  as 
his  energy  expenditure  goes. 

We  now  come  once  again  to  the  problem  of  weighting  in  con- 
structing an  average  score  which  shall  fairly  represent  the  metabolic 
rates  of  Work  II  and  Work  III.  In  Series  B,  we  saw  that  by  giving 
the  greater  weight  to  the  longer  work  period,  we  automatically  gave 
the  greater  weight  to  the  period  showing  the  more  marked  noise 
effects.  Other  considerations,  moreover,  confirmed  our  belief  that 
we  were  following  the  correct  procedure  there.     Now,  however,  we 

faced  with  a  slightly  different  question.  Do  we  wish  to  continue 
giving  the  greater  weight  to  that  period  which  shows  the  larger 
noise  effect?     If  so,  we  will  be  obliged  to  give  the  larger  weight  to 
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Work  II  on  the  first  day,  and  to  Work  III  on  the  three  remaining 
days.  On  the  other  hand,  if  we  wish  to  be  consistent,  we  should 
give  the  larger  weight  to  the  longer  period.  Work  III,  on  all  lour 
days. 

In  computing  a  metabolic  rate  for  the  total  noisy  working  time, 
we  have  continued  here,  as  elsewhere,  to  assign  the  double  weight  to 
Work  III  in  averaging;  and  the  data  thus  obtained  are  presented 
in  Table  12.     The  results  for  quiet  and  noisy  work  are  very  nearly 

TABLE  12 
Showing  Metabolic  Rates  fob  Work  I  and  Averages  foe  Work  II  and 

Work  III  in  Series  C 

Date  Work  I  Work  II  <£-  III  Eatio 

4/20 46.03  44.94  1 :  2 

4/21 45.92  43.89  1 :  2 

4/22 Ki.43  46.54  1:  2 

4/23 46.74  47.06  1 :  2 

alike,  with  noise  somewhat  the  lower  of  the  two  excepting  on  the 
last  day. 

We  come  next  to  Series  D,  the  data  for  which  will  be  found  in 
Table  13,  and  Figures  20-24.  From  the  day-to-day  results,  we  see 
that  the  noise  produced  a  definite  and  fairly  well-marked  effect  for 
the  first  three  days;  but  that  thereafter  the  metabolic  rates  begin 
to  overlap  during  quiet  and  noisy  periods.  We  note,  however,  that 
for  at  least  the  first  half  of  the  series  the  rate  for  Work  II  remains 
higher  than  that  for  Work  III;  while  during  the  latter  half,  this 
relationship  is  reversed.  This,  of  course,  is  in  line  with  our  conclu- 
sions regarding  the  change  in  nature  of  noise  effects  with  adjust- 
ment on  the  part  of  the  subject. 

When  studied  by  day-groups,  these  results  are  in  do 
ment  with  those  from  Series  C.     As  in  that  series,  the  effect  of  the 
noise  shows  up  most  strongly  in  Work  II  at  the  beginning,  and  in 
Work  III  at  the  end  of  the  series.     The  adjustment  pro.  luired 

slightly  longer  here  than  in  C,  however;  no  doubt  because  the  sub- 
ject had  no  previous  experience  with  the  noise.  One  other  point 
worthy  of  note  in  the  present  series  is  the  fact  that  the  two  recovery 
periods  seem  "normal,"  i.e.,  the  metabolic  rate  during  Recovery  1 
is  but  slightly  below  that  for  Work  III,  while  Recovery  2  closely 
approximates  the  resting  rate  and  in  some  cases  even  tends  to  fall 
slightly  below  it.  There  is  very  little  evidence  for  the  carrying  over 
of  noise  effects  into  the  recovery  periods,  or  for  adjustment  therein. 
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TABLE  13 
Showing  Metabolic  Rates  for  Successive  Days  in  Series  D 


Date 


Quiet 


Best 


5/11  36.63 

5/12 36.23 

5/13  - 34.53 

5/14  39.97 

5/18  36.96 

Av 36.86 

5/19 39.97 

5/20  39.16 

5/21  37.11 

5/22 39.89 

5/23  35.62 

Av 38.35 

5/25  38.50 

5/26  44.31 

5/27  36.42 

6/4     32.96 

6/5 35.47 

Av 37.53 

6/6 34.61 

6/8     39.56 

6/9     42.66 

6/10  32.98 

Av 37.45 


Quiet 


Noise 


Noi.se 


Quiet 


Work  I 


Work  II      Work  III 


Bee.  1 


Quiet 


Rcc.S 


41.14 

47.34 

42.13 

35.52 

35.67 

39.53 

44.18 

40.73 

40.37 

35.80 

42.89 

46.18 

42.49 

43.88 

35.32 

47.37 

46.34 

48.52 

43.31 

37.46 

52.33 

45.61 

38.16 

41.76 

30.36 

44.65 

45.93 

42.41 

40.97 

34.92 

49.48 

48.58 

47.48 

39.67 

36.92 

49.28 

44.30 

44.06 

43.93 

35.78 

44.65 

52.87 

41.90 

49.69 

34.23 

52.79 

44.00 

48.00 

47.01 

34.44 

41.04 

56.74 

49.38 

_ 

47.45 

49.30 

46.16 

45.08 

35.34 

43.63 

43.21 

41.35 

45.23 

36.81 

50.01 

45.75 

48.69 

48.25 

39.39 

44.27 

39.31 

43.99 

37.73 

35.58 

43.73 

39.25 

40.97 

43.30 

34.32 

43.10 

38.14 

43.42 

36.52 

33.56 

44.95 

41.13 

43.68 

42.21 

35.93 

40.95 

43.08 

41.06 

38.74 

34.83 

44.37 

43.60 

47.24 

42.75 

37.7J 

50.82 

49.96 

51.61 

43.75 

41.31 

42.83 

35.11 

43.36 

39.36 

35.51 

44.74 

42.94 

45.82 

41.15 

37.35 

In  constructing  an  average  for  Work  II  and  Work  III,  we  have 
followed  in  this  series  the  same  principles  that  we  laid  down  in 
Series  C,  assigning  the  double  weight  to  Work  III  throughout. 
These  data  are  presented  in  Table  1-4. 

TABLE  14 

Showing  Metabolic  Rates  tor  Work  I  and  Averages  tor  Work  II  and 

Work  III  in  Successive  Day-Groups  of  Series  D 


Group 

Work  I 

Work  II  4- 

III 

Ratio 

I    

II    

Ill    - 

IV    _ 

44.65 
47.45 
44.95 
44.74 

43.58 

47.21 
42.83 
44.86 

1:  2 
1:  2 
1:  2 
1:  2 

As  in  Series  C,  this  method  of  treatment  masks  the  effects  of 
the  noise  in  the  present  series.  In  the  first  day-group,  the  increase 
in  metabolic  rate  during  Work  II  is  not  sufficient  to  overcome  the 
drop  which  occurs  during  Work  III ;  and,  consequently,  the  aver- 
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age  rate  for  the  two  noisy  periods  is  slightly  below  that  for  the 
quiet  period.  The  difference,  however,  is  too  slight  to  be  signifi- 
cant. In  the  second  day-group  the  same  thing  is  true.  In  the 
third  group  the  drop  is  more  apparent ;  while  in  the  last  the  two 
sets  of  results  draw  so  close  together  as  almost  to  touch  ;  and  this 
we  take  as  fairly  good  evidence  of  adjustment  on  the  part  of  our 
subject,  especially  since  the  differences  in  the  other  three  groups 
were  so  very  small. 

Let  us  next  turn  our  attention  to  the  changes  in  variability  of 
metabolic  rate,  measured  in  terms  of  the  coefficients  of  variability 
of  the  scores  within  the  several  day-groups  of  Series  A,  B,  and  D. 
These  data  are  presented  in  Table  15.     We  may  summarize  our 

TABLE  15 
Showing  Coefficients  of  Variability  of  Metabolic  Rates  Within  Succes- 
sive Day-Groups  of  Series  A,  B,  and  D 


Group 

Best 

Work  I 

Work  II 

Work  III 

Best 

Work  I 

Work  II 

I 

.     3.93 

5.83 

6.49 

8.10 

3.68 

6.16 

II 

.     4.04 

6.07 

5.80 

6.00 

3.48 

7.13 

A 

Ill 

.     8.15 

7.75 

4.25 

4.84 

4.06 

7.U4 

IV 

7.06 

3.14 

4.75 

6.64 

4.56 

4.34 

I 

..     4.90 

4.74 

5.11 

6.40 

II 

..  10.35 

12.12 

6.41 

9.78 

B 

III 

..     4.70 

4.70 

6.53 

3.23 

IV 

0.50 

1.45 

1.69 

3.30 

I 

..     4.72 

10.38 

2.25 

8.07 

II 

..     4.45 

8.66 

10.00 

5.97 

D 

III 

..  10.21 

5.68 

7.01 

6.30 

IV 

10.28 

8.28 

12.50 

8.76 

findings  from  all  three  series  as  follows:  when  the  mental  work  was 
carried  on  under  quiet  conditions,  there  was  a  tendency  tor  meta- 
bolic rate  to  increase  in  variability;  and  t<>  decrease  slightly  during 
the  later  day-groups.  "When  noise  is  added  to  the  situation,  these 
trends  are  exactly  reversed.  Series  A  and  D  are  in  substantial 
agreement  on  this  point;  while  the  results  from  B  are  inconclusive. 
The  noise  effects,  however,  tend  to  diminish  as  the  series  progresses. 
By  way  of  summing  up  all  our  metabolic  findings  thus  far  from 
the  four  experimental  series,  we  may  say  that  in  every  case  the  n< 
produced  a  definite  effect  upon  the  metabolic  rates  of  our  subjects. 
This  effect  changes  its  aspect,  as  the  process  of  adjustment  to  the 
noise  goes  forward.  In  the  early  stages  of  any  given  series,  the 
noise  effect  is  immediate,  appearing  as  soon  as  the  noise  is  applied 
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and  disappearing  as  the  noise  continues.  As  the  series  progresses, 
however,  the  noise  effect  tends  to  appear  more  markedly  in  the  later 
work  period,  and  to  disappear  from  the  earlier  periods.  The  effect, 
in  the  direction  of  an  increase  in  the  working  metabolic  rate,  some- 
times amounts  to  as  much  as  9  calories  per  hour,  per  square  meter 
of  body  surface. 

When  the  data  from  the  two  noisy  work  periods  are  averaged 
and  compared  with  the  corresponding  quiet  work  periods,  however, 
the  effect  of  the  noises  is  almost  wholly  concealed;  a  fact  which 
tends  to  minimize  the  significance  of  the  changes  produced  by  noise 
in  the  metabolic  rate.  Furthermore,  we  are  again  led  to  question 
seriously  the  validity  of  any  procedure  which  takes  account  only 
of  a  single,  isolated  process;  and  which  fails  to  consider  the  total 
response  of  the  organism  to  a  complex  situation. 

The  total  metabolic  cost  of  noise.  From  all  the  data  that  have 
been  presented  in  this  section,  we  see  at  once  that  the  mental  work 
is  accompanied  by  a  consistent  increase  in  the  metabolic  rate  of  the 
subject.  Before  going  further  into  the  question  of  the  effects  of 
the  noise,  it  will  be  well  first  to  determine  upon  some  method  of 
measuring  this  increase.  The  question  which  naturally  arises  in 
this  connection  is  whether  we  are  to  calculate  this  increase  with 
work  by  subtracting  each  day's  resting  metabolic  rate  from  the 
metabolic  rate  during  work  on  that  day;  or  whether  we  should 
adopt  some  single  measure  of  the  subject's  resting  metabolism,  and 
use  this  figure  throughout  the  series  as  the  starting  point  for  deter- 
mining the  increase  in  the  metabolic  rate  accompanying  work. 
Such  a  measure  might  be  the  average  of  all  the  resting  rates  for 
the  entire  series;  or  else  the  lowest  rate  which  was  obtained  on  any 
day;  the  assumption  here  being  that  this  figure  approaches  most 
closely  to  the  "true"  resting  metabolic  rate  of  the  subject." 

The  key  to  our  problem  obviously  lies  in  the  amount  of  correla- 
tion between  the  two  functions,  metabolic  rate  during  rest  and 
metabolic  rate  during  work.  Supposing  that  there  existed  a  per- 
fect positive  correlation  between  the  two,  that  is  a  coefficient  of 
1.00;  then  an  increase  in  the  resting  metabolism  on  any  given  day 
would  mean  a  corresponding  increase  in  the  metabolic  rate  during 
work,  and  vice  versa.  In  such  a  case  wo  would  be  justified  in  using 
the  first  method:  subtracting  each  day's  metabolic  rate  during  rest 
from  the  working  rate  for  that  day. 


M  For  a  detailed  discussion  of  this  question,  see  Schubert  (33). 
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Supposing,  on  the  other  hand,  that  a  zero  correlation  -was  found 
between  the  two  rates.  In  this  ease  it  would  not  necessarily  follow 
that  an  increase  in  the  resting  rate  would  be  accompanied  by  a 
similar  increase  in  the  working  rate  of  the  subject,  and  vice  versa. 
In  other  words,  a  zero  correlation  would  indicate  that  within  the 
limits  of  normal  variability,  the  metabolic  rate  during  work  is  inde- 
pendent of  the  resting  rate.  Moreover,  any  slight  change  in  the 
resting  rate  from  day  to  day  would  be  certain  to  distort  the  picture 
of  the  increase  with  work,  since  it  might  not  be  accompanied  by  a 
corresponding  change  in  the  working  rate.  This  being  true,  it 
would  seem  more  expedient  to  adopt  some  standard  measure  of  the 
subject's  resting  metabolism,  from  which  to  determine  the  increase 
with  work.  Whether  to  use  the  average  for  the  entire  series,  or  the 
lowest  obtained  rate  would  then  be  a  matter  of  choice.  Should  the 
correlation  be  high  but  negative,  it  would  then,  perhaps,  be  best  to 
use  the  lowest  figure  obtainable,  in  order  to  keep  the  differences  well 
above  zero ;  otherwise  it  would  make  very  little  difference  which 
measure  we  decided  to  use.  This  question,  then  becomes  one  of 
theoretical  rather  than  practical  interest ;  and  there  is  no  need  for 
us  to  carry  its  analysis  further  in  this  paper. 

A  casual  inspection  of  the  data  which  have  been  presented  makes 
it  clear  that  the  correlation  between  resting  and  working  metabolic 
rates  (under  quiet  conditions  at  least)  is  not  perfect.  In  order  to 
determine  with  exactness  the  degree  of  correlation  actually  existing, 
we  have  used  the  Product  Moment  Method  (14).  Using  the  data 
from  all  four  series,  58  days,  excluding  the  18  noisy  days  of  I 
A,  we  obtained  an  r  of  .257  between  the  metabolic  rates  for  B 
and  Work  I.  Using  the  data  obtained  from  the  three  series  in 
which  Subject  H  served,  39  days,  an  r  of  -  .021  was  found.  Using 
only  the  19  days  in  Series  D,  in  which  Subject  E  served,  we  obtained 
an  r  of  .685  between  Rest  and  Work  I. 

Evidently,  then,  there  is  a  much  closer  agreement  between  the 
resting  and  working  metabolic  rates  in  the  case  of  Subject  E  than 
in  the  case  of  Subject  H.  However,  even  an  r  of  .685  does  not  seem 
high  enough  to  justify  the  day-to-day  method  of  measuring  in- 
creases in  metabolic  rate  with  work,  since  it  is  not  high  enough  to 
exclude  the  possibility  of  irregularity  in  the  relationship  of  the  two 
curves.  Reference  to  Table  13  shows  that  such  discrepancies  do 
occur  between  the  rates  for  Rest  and  Work  I;  on  the  fifth  day 
(5/18),  for  example.  Generalizing  from  the  evidence  of  all  four 
series,  we  may  say  that  the  two  processes,  Rest  and  Work  I,  are 
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comparatively  independent  of  one  another  in  their  variations 
(r  =  .257). 

Such  considerations  lead  us  to  the  adoption  of  some  standard 
measure  from  which  to  measure  each  day's  increase  in  metabolic 
rate  with  mental  work;  and  to  this  end,  we  have  decided  upon  the 
average  rate  calculated  from  the  resting  data  of  all  the  series  in 
which  a  given  subject  served.  We  excepted,  however,  the  resting 
periods  of  the  noisy  days  in  Series  A,  using,  as  before,  only  the  20 
quiet  days.15 

The  average  resting  metabolic  rates  for  the  two  subjects  were 
found  to  be  almost  identical;  37.66  ±  2.66  for  Subject  H;  and 
37.52  ±  2.96  for  Subject  E.  Using  these  as  our  standards,  we 
have  proceeded  to  determine  the  increase  and  the  percentage  in- 
crease in  the  metabolic  rate  for  the  several  work  periods  for  all 
series.  The  results  are  given  in  Table  16  for  quiet  and  noisy  work 
periods  within  the  several  day-groups  of  the  four  series. 

The  data  in  Table  16  bring  out  several  interesting  facts.  In  the 
first  place  we  see  that  the  mental  work  is  accompanied  by  a  consis- 
tent increase  in  the  metabolic  rate,  averaging  21.9  percent  for  all 
series.  When  these  figures  are  compared  with  those  obtained  by  in- 
vestigators who  experimented  with  physical  work,  one  is  better  able 
to  realize  how  slight  are  the  changes  in  energy  metabolism  during 
mental  work. 

We  see  also  that  the  increases  in  metabolic  rate  are  greater  on 
the  whole  during  the  noisy  than  during  the  quiet  periods,  espe- 
cially in  the  first  day-groups,  before  adjustment,  to  the  noise  has 
taken  place. 

One  cannot  help  feeling,  however,  that  we  have  not  yet  told  the 
entire  story.  The  data  which  we  collected  on  the  recovery  of  our 
subjects  during  the  last  three  series  show  very  clearly  that  there  is 
■  in  after-effect  of  the  work,  and  in  all  probability,  of  the  noise  too, 
which  we  have  thus  far  been  neglect  ing  to  a  large  extent  in  our 
calculations.  It  is  necessary,  therefore,  to  determine  upon  some 
scheme  whereby  this  after-effect  may  be  added  to  our  data,  in 
order  to  present  a  true  picture  of  the  total  effect  of  the  work  and 
the  noise. 


15  Schubert  (33),  after  emphasizing  the  necessity  for  using  as  base  line 
"the  lowest  resting  value  obtained,"  nevertheless  proceeds  to  choose  as  his 
standard  ;i  rate  which  was  "the  most  representative  resting  value  for  the  en- 
tire- half  year  of  measurement."  Obviously  this  was  more  closely  akin  to  the 
.mrago,  or  rather  the  mode,  than  to  "the  lowest  resting  value  obtained." 
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TABLE 

16 

Showing  Inceeases  and  Percentage   Increase 
Accompanying  Mental  Work  and 

in   Metabolic 
Noise 

Kates 

/ 

II 

III 

IV 

Av. 

Ser. 
A 

Quiet 

8.27 
22.9% 

6.61 
17.5% 

8.77 
23.3% 

9.02 

23.9% 

8.17 
21.9% 

Noise 

11.38 
30.1% 

9.18 
24.3% 

8.99 
23.8% 

9.05 
24.0% 

Ser. 
B 

Quiet 

6.59 
17.5% 

7.70 
20.4% 

10.16 
26.9% 

9.24 
24.5% 

8.42 
22.3% 

Noise 

6.53 

17.3% 

7.50 
19.9% 

8.57 
22.7% 

7.49 
19.8% 

Ser. 
C 

Quiet 

8.37 

22.2% 

8.26 
21.9% 

8.77 
23.3% 

9.08 

24.1% 

8.62 
22.9% 

Noise 

13.15 
34.9% 

6.23 
16.5% 

8.88 
23.6% 

9.40 
24.9% 

Ser. 
D 

Quiet 

7.13 
19.0% 

9.93 
26.4% 

6.42 
17.1% 

7.21 
19.2.% 

7.67 
20.4% 

Noise 

6.89 
18.4% 

11.73 
31.3% 

5.31 
14.2% 

7.84 
19.6% 

Av. 

8£2 

21.9% 

In  order  to  bring  the  recovery  data  into  our  calculations,  we 
have  expressed  our  results  in  terms  of  total  calorics  produced  per 
square  meter  of  body  surface,  rather  than  metabolic  rate  per  hour. 
In  this  manner  we  are  able  to  do  away  with  a  certain  confusion 
of  terminology  at  this  point;  while  at  the  same  time  it  is  easier  to 
insure  the  proper  weighting  for  the  data  for  each  work  period. 
Moreover,  after  the  completion  of  the  calculations,  it  is  a  simple 
matter  to  convert  our  results  back  to  the  old  basis  of  metabolic 
rate,  or  calories  per  hour  per  square  meter,  if  it  is  so  desired. 

The  manner  of  converting  our  data  to  total  calories  per  square 
meter  may  be  illustrated  as  follows.     The  resting  metabolic  r. 
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of  Subject  H  was  found  to  be  37.66.  This  means  that  this  subject, 
when  at  rest,  produced  37.66  calories  per  hour,  per  square  meter  of 
body  surface.  We  wish  now  to  determine  exactly  how  many 
calories  (per  square  meter)  were  produced  during  the  ten-minute 
rest-period;  therefore  we  multiply  his  resting  rate  by  10/60,  or  1/6. 
The  answer  comes  out  6.28  calories  per  square  meter.  In  the  same 
way  we  determine  the  number  of  calories  produced  during  each  of 
the  ten-minute  work  periods  in  Series  A,  basing  our  calculations 
upon  the  average  metabolic  rates  for  all  of  the  quiet  days  in  this 
series.  We  find  that  the  subject  produces  7.69  calories  during 
Work  I  and  7.63  calories  during  Work  IT. 

The  next  step  is  to  add  together  the  calories  produced  during 
each  of  the  work  periods.  We  obtain  a  total  of  15.32  calories  per 
square  meter,  produced  during  twenty  minutes  of  mental  work. 
Had  the  subject  been  merely  resting  during  this  twenty  minutes. 
we  would  have  expected  his  caloric  output  to  have  been  12.56 
calories  per  square  meter  (6.28  multiplied  by  2).  The  difference, 
therefore,  amounts  to  2.76  calories  per  square  meter,  or  an  increase 
of  22.0  percent  in  metabolic  rate  accompanying  the  mental  work. 
As  a  check  upon  our  work,  we  may  compare  this  result  with  the 
average  percentage  increase  in  metabolic  rate,  as  shown  in  Table 
16 ;  this  we  find  to  be  21.9. 

Up  to  this  point  we  have  been  merely  repeating  our  previous 
work,  using  a  different  method  of  calculation.  Had  all  of  our  work 
periods  and  recovery  periods  been  of  equal  length,  we  should  have 
escaped  the  necessity  of  converting  our  results  to  total  scores ;  but 
now  that  we  are  ready  to  add  in  the  data  from  the  two  recovery 
periods,  our  procedure  justifies  itself. 

Inasmuch  as  we  have  no  control  data  on  recovery  during  quiet 
days  for  Subject  H,  we  are  obliged  to  take  our  normal  standard 
from  the  experimental  data  of  Series  B  and  C.  However,  we  may 
obtain  our  norm  from  the  end  of  these  series,  where  it  seems  rea- 
sonably certain  that  adjustment  to  the  noise  has  taken  place;  and 
it  is  safe  to  assume  that  such  a  standard  would  agree  well  enough 
with  a  control  if  we  had  it.  Accordingly,  we  have  taken  as  our 
norm  for  Recovery  1  without  noise,  the  average  of  the  last  two  days 
of  Series  B  and  the  last  two  days  of  Series  C.  The  norm  for  Re- 
covery 2  is  the  sjinie  as  Rest;  i.e.,  6.28  calories  per  square  meter. 

Averaging  the  above-mentioned  data,  we  obtain  as  our  norm 
for  Recovery  1,  42.00  calories  per  hour  per  square  meter.  To  find 
the  total  output,  during  the  three  minutes  of  this  period,  we  must 
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multiply  this  by  3/60,  which  gives  us  2.10  calories  per  square  meter. 
The  predicted  value  for  a  corresponding  period  of  rest  would  be 
37.77  x  3/60,  or  1.88  calories  per  square  meter.  The  difference,  0.22 
calories  per  square  meter,  indicates  the  additional  energy  expendi- 
ture during  the  work  which  is  not  included  in  the  data  for  the 
work  periods  proper,  and  which  must  be  added  to  the  total  increase 
with  work.  Since  this  debt  does  not  carry  over  into  Recovery  2. 
there  is  nothing  to  add  here. 

Continuing  our  calculations,  then,  we  find  that  15.32  plus  0.22 
•equals  15.54  calories  per  square  meter — the  total  expenditure  dur- 
ing twenty  minutes  of  mental  work  under  conditions  of  quiet.  This 
raises  our  percentage  increase  in  energy  expenditure  from  22.0  per- 
cent to  23.8  percent;  a  slight  increase,  it  is  true;  but  nevertheless 
one  which  it  is  worth  while  to  take  into  consideration. 

Even  now  we  must  recognize  certain  limitations  in  our  picture 
of  the  total  energy  "cost"  of  the  work.  Our  calculations  are 
based  upon  what  are  essentially  the  average  metabolic  rates  over 
greater  or  less  periods  of  time;  and  they  do  not,  therefore,  take 
account  of  every  fluctuation  which  might  occur  from  minute  to 
minute.  To  this  extent  at  least,  they  are  not  literally  total  fig- 
ures; but  rather  predicted  totals,  calculated  from  samples  of  the 
metabolic  rate  taken  from  various  points  along  the  work  curve. 

Another  point  to  be  borne  in  mind  is  the  fact  that  our  recovery 
data  were  collected  from  two  periods  which  differed  considerably 
in  length;  a  three-minute  period,  followed  by  a  ten-minute  period. 
Had  we  used  instead  of  these  two  periods,  four  three-minute  peri- 
ods, it  is  possible  that  we  might  have  had  a  slightly  hicrher  figure 
to  add  to  the  total  calories  produced  during  work.  If  such  v. 
the  case,  this  additional  figure  was  swallowed  up  in  the  general 
average  for  the  longer  recovery  period.  It  is  not  probable,  how- 
ever, that  we  lost  a  great  deal  in  this  manner,  since  the  increase  with 
the  work  was  itself  so  slight;  and  the  recovery  process,  therefore. 
must  necessarily  have  been  rapid. 

With  these  reservations  in  mind,  we  may  accept  our  data 
giving  a  fairly  accurate  picture  of  the  total  increase  in  energy  i 
penditure  accompanying  mental  work;  and  proceed  to  the  investi- 
gation of  the  effects  of  the  noise  upon  this  total. 

In  Table  17  Is  shown  the  "cosl  "  of  noise  in  calories  per  square 
meter  over  twenty-minute  periods  of  work.  Each  of  the  series 
has  at  the  top  the  control  data,  for  work  without  noise;  and  below 
the  corresponding  data  for  each  of  the  four  day-groups.    Series  A. 
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of  course,  lacks  the  added  calories  for  recovery  periods,  which  have 
been  added  for  each  of  the  remaining  three  series. 

As  already  explained,  the  value  for  Rest  is  constant  for  a  given 
subject  throughout  all  series  in  which  he  served ;  and  the  same  is 
true  of  the  "Norm"  or  value  for  Work  I,  in  Series  B,  C,  and  D, 
which  is  the  average  for  all  Work  I  under  quiet  conditions.  We 
thus  assumed  a  constant  norm  for  quiet  work  in  order  better  to 
bring  out  the  effect  of  noise. 

In  the  case  of  Subject  E,  the  recovery  norms  consist  of  the 
average  for  the  last  four  days  of  his  adjustment  period.  In  all 
cases  where  the  obtained  values  for  Recovery  2  were  lower  than 
the  value  for  Rest,  the  latter  was  used,  and  nothing  was  subtracted. 

TABLE  17 

Showing  Total  Cost  op  Work  and  of  Noise;  Also  Cost  per  Problem,  in 

Calories  per  Square  Meter,  in  Series  A,  B,  C,  and  D 


Cost  of  Wk. 
{cal.  per  sq.  m.) 

Difference 
(Noise-Quiet) 

%  Difference 

Cost  per  Prob. 

Norm    .. 

2.76 

22.0 

.058 

I    .. 

3.80 

1.04 

37.7 

.083 

II    .. 

3.06 

0.30 

10.9 

.062 

A 

Ill    .. 

3.00 

0.24 

8.7 

.064 

IV 

3.01 

0.25 

9.1 

.061 

Norm    . 

2.98 

23.8 

.063 

I    . 

3.17 

0.19 

6.4 

.072 

II    . 

3.58 

0.60 

20.1 

.080 

B 

Ill    . 

3.18 

0.20 

6.7 

.071 

IV    . 

2.93 

-0.05 

-  1.7 

.065 

Norm    . 

2.98 

23.8 

.063 

I 

4.99 

2.01 

67.4 

.108 

II    . 

2.71 

-0.27 

-  9.1 

.060 

C 

Ill    . 

2.99 

0.01 

0.3 

.065 

IV    . 

3.48 

0.50 

16.8 

.073 

Norm    . 

2.73 

21.8 

.036 

I 

2.50 

-  0.23 

-  8.4 

.035 

II    . 

3.32 

0.59 

21.6 

.045 

D 

Ill    . 

2.48 

-0.25 

-  P.2 

.032 

IV 

2.76 

0.03 

-  1.1 

.035 

Attention  is  called  to  the  several  columns  of  figures  in  Table  17. 
The  first  of  these  records  the  increase  in  calories  produced  with 
the  work  in  the  case  of  the  norm;  and  with  the  work  plus  the  noise 
in  each  of  the  four  day  groups.  The  column  headed  Difference 
gives  the  difference  between  increase  in  energy  expenditure  during 
mental  work  alone   (norm)   and  the  increase  during  mental  work 
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plus  noise.  The  increase  with  noise,  over  and  above  the  increase 
for  the  norm  can  be  attributed  to  the  noise  itself,  since  we  have  held 
constant  all  other  conditions;  and  since  we  have  seen  that,  other 
things  being  equal,  there  are  no  consistent  differences  between  the 
first  and  second  ten  minutes  of  work  (Series  A). 

In  the  third  column  the  difference  due  to  the  noise  is  expressed 
as  a  percentage  of  the  norm  (column  1).  From  it,  we  see  that  the 
general  effect  of  the  noise  is  to  increase  the  energy  expenditure 
accompanying  mental  work  by  amounts  varying  approximately 
from  1  to  67  percent,  depending  upon  the  degree  of  adjustment  of 
the  subject.  In  a  few  cases,  however,  the  energy  expenditure  is 
actually  less  under  the  noisy  than  under  the  quiet  conditions. 
These  negative  differences  range  as  high  as  -  9.2  percent,  and  we 
may  infer  that  differences  due  to  chance  might  also  run  that  high  in 
the  other  direction.  This  leads  us  logically  to  set  variations  of  10 
percent  as  our  criterion  of  adjustment  to  the  noise,  and  to  disregard 
all  smaller  differences  in  either  direction. 

Thus  we  see  that  in  each  series,  adjustment  to  the  noise  has 
taken  place  by  the  end  of  the  second  day-group.  Series  B  and 
Series  D  are  peculiar  in  that  both  show  the  greatest  noise  effects 
in  the  second  rather  than  in  the  first  day-group.  This  fact  results 
in  a  rather  irregular  curve  of  adjustment  to  the  noise ;  and  can  be 
accounted  for  only  by  the  small  number  of  cases  within  any  given 
day-group  in  each  series. 

There  yet  remains  one  further  step  that  we  may  take  in  studying 
the  effects  of  noise  on  metabolism  and  mental  work.  We  are  now 
in  a  position  to  bring  together  our  two  sets  of  results,  so  as  to 
express  the  metabolic  data  on  work  in  terms  of  problems  done,  or 
calorific  increase  per  square  meter  per  problem. 

In  the  last  column  of  Table  17  are  presented  the  data  on  increase 
per  problem  during  noisy  periods,  together  with  the  increase  per 
problem  during  quiet  periods,  for  the  four  day-groups  of  each 
series.  These  data  were  obtained  by  dividing  the  calorific  gain 
for  twenty  minutes  of  work  by  the  number  of  problems  worked, 
using  the  actual  number  done  over  the  twenty-minute  period.  We 
have  used  constant  values  for  our  norms  throughout  a  given  series. 

The  same  data  are  presented  graphically  in  Figures  25-28.  The 
figures  for  work  with  noise  are  in  general  considerably  higher  dur- 
ing the  first  and  second  day-groups ;  while  thereafter  they  tend  to 
decrease  or  to  remain  fairly  constant.  The  process  of  adjustment 
to  the  noise  is  noticeable  in  each  of  the  four  experimental  series. 
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In  Series  C  and  D,  adjustment  is  marked  by  overlapping  of  the 
carves  from  quiet  and  noisy  work. 

In  the  light  of  tli is  further  evidence,  we  must  add  somewhat  to 
our  summary  of  the  metabolic  findings  on  noise.  We  have  seen  that 
when  we  take  into  consideration  the  "hangover,"  the  effects  of  the 
noises  become  even  more  apparent  than  before.  Considering  energy 
expenditure  alone,  as  measured  in  terms  of  increase  in  total  calory 
production  during  work,  we  found  that  the  noise  tended  to  augment 
this  to  some  extent.     "When  expressed  in  terms  of  problems  done, 
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there  is  an  initial  effect  in  the  direction  of  a  still  more  marked  in- 
crease in  "cost"  with  noise,  followed  by  a  rapid  adjustment  on  the 
part  of  the  subject.     The  initial  increase  per  problem  caused  by  the 
noise  amounted  in  some  cases  to  as  much  as  a  four-hundredths  of  a 
calory  per  Bqnare  meter.     Although  this  may  seem  insignificant  at. 
lirst  thought,  it  must  be  remembered  that  it  is  expressed  in  units 
per  problem;  moreover  that  the  calories  are  expressed  per  square 
iter  of  body  surface.*6 
Evidently,  then,  the  first  effect  of  the  noise  is  to  increase  the 
■    expenditure  during  work,  at  the  same  time  lowering  the 

The  term  "  msl  '  .,1  "m  tins  paragraph   is  simply  B  convenient  label 

ndicatfl  that  the  increase  in  calories  during  work  has  been  expressed  in 
••  mis  of  niiiN  of  work,  or  problems  done.  We  do  not  mean  thereby  to  imply 
thai  we  have  actually  measured  the  cost  of  mental  work — a  problem  with  rami- 
fications far  beyond  the  scope  of  the  present  study. 
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output.  This  makes  for  a  rather  high  "cost"  per  problem,  when 
compared  with  the  corresponding  norm.  Very  soon,  however,  as 
adjustment  on  the  part  of  the  subject  takes  place,  we  find  output 
returning  gradually  to  normal.  This,  in  itself,  would  lower  the 
"cost"  per  problem,  and  at  the  same  time  it  is  supplemented  by  a 
tendency  towards  decreased  energy  expenditure. 

3.  Other  Measures  of  Metabolism 
In  computing  the  metabolic  rates  of  our  subjects,  it  was  neces- 
sary to  carry  our  calculations  through  a  number  of  steps,  which 
involved  the  use  of  many  factors,  such  as  the  rate  of  absorption  of 
oxygen,  the  rate  of  production  of  carbon  dioxide,  the  ventilation 

TABLE  18 

Showing  Total  Increase  With  "Work  and  With  Noise;  Also  Increase  per 
Problem,  in  cc.  of  Oxygen,  During  Series  A,  B,  C,  and  D 


Increase 

Difference 
Noise-Quiet 

Increase 

with  Work 
cc.  of  0: 

%  Diff. 

per  Problem 
cc.  of  O; 

Norm  

871 

19.8 

18.2 

I  

1284 

413 

47.4 

27.9 

II  

992 

121 

13.9 

20.2 

A 

HI  

941 

70 

8.0 

20.0 

IV 

952 

81 

9.3 

19.4 

Norm  

950 

21.5 

19.8 

I  

809 

-141 

- 14.9     • 

18.4 

II  

917 

-    33 

-    3.5 

20.4 

B 

Ill  - 

943 

-      7 

-    0.7 

20.9 

IV  

836 

-114 

-12.0 

18.6 

Norm  

950 

21.5 

19.8 

I  

987 

37 

3.9 

21.4 

II  

873 

-    77 

-    8.1 

19.4 

C 

Ill  

926 

-    24 

-    2.5 

20.1 

IV 

989 

39 

4.1 

20.6 

Norm  

974 

18.5 

12.6 

I  

904 

-    70 

-    7.2 

12.7 

II  

1236 

262 

27.0 

16.9 

D 

Ill  

911 

-    63 

-    6.5 

11.8 

IV 

1080 

106 

10.9 

13.7 

rate,  and  the  like.  Inasmuch  as  many  investigators  have  employed 
these  factors  themselves  as  indicators  of  the  metabolic  rate,  it  will 
be  well,  perhaps,  briefly  to  review  our  findings  here,  in  regard  to 
the  more  significant  of  these. 

Oxygen  absorbed.     From  the  percentage  of  oxygen  in  the  ex- 
pired air,  and  the  known  composition  of  the  air  inspired,  the  per- 
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eentage  of  oxygen  absorbed  by  the  organism  is  quite  easily  com- 
puted. Given  the  ventilation  rate,  or  volume  of  air  breathed  out 
per  minute,  we  are  able  to  determine  the  rate  of  oxygen  absorption. 
in  cc.  per  minute.  These  data  have  been  'worked  up  in  the  manner 
already  described,  and  the  results  are  presented  in  Table  18.  From 
it  we  see  that  the  changes  accompanying  the  work,  when  measured 
in  terms  of  total  cc.  of  oxygen  absorbed  over  the  twenty-minute 
period  are  in  fairly  close  agreement  with  our  results  on  metabolic 
rate.  As  a  matter  of  fact,  the  percentage  increase  in  oxygen 
absorbed  is,  for  all  practical  purposes,  identical  with  the  increase  in 
calories  per  square  meter. 

The  increased  "cost"  of  work  under  noisy  conditions  is  also 
brought  out  by  the  oxygen  absorption,  though  the  differences  now 
are  in  some  cases  lower  than  before,  never  exceeding  47.4  percent. 
The  process  of  adjustment  also  shows  itself. 

Ventilation.  We  have  already  defined  ventilation  rate  as  liters 
of  air  expired  per  minute  by  the  subject.  Ventilation,  or  total  ven- 
tilation, therefore,  means  the  total  volume  of  air  expired — during 
the  twenty-minute  work  period,  in  this  case.  Ventilation  is  mea- 
sured in  liters. 

Table  19  gives  our  data  on  the  changes  accompanying  the  work 
and  the  noise,  in  terms  of  the  ventilation  of  our  subjects.  The 
general  trend  of  the  results  is  in  fairly  close  agreement  with  our 
other  measures;  though  figures  for  quiet  are  somewhat  lower,  and 
those  for  noisy  work  somewhat  higher  at  first.  From  Series  B 
and  C,  we  notice  that  the  inclusion  of  the  data  on  Recovery  affects 
the  results  very  little,  if  at  all.  Indeed  the  general  effect  of  the 
noise  itself  tends  to  be  almost  completely  masked  in  these  series. 
This  is  largely  due  to  the  fact  that  the  base  from  which  we  mea- 
sured increases  in  ventilation  accompanying  the  work  and  the  noise 
was  obtained  by  averaging  the  values  from  Series  A,  B,  and  C.  As 
mentioned  above  (under  Apparatus),  the  type  of  gas  mask  worn 
by  the  subject  was  changed  (about  the  middle  of  Series  A),  and 
the  new  mask  resulted  in  a  somewhat  lower  ventilation,  which  oc- 
curred uniformly  in  all  work  periods.  Thus,  in  Series  B  and  C, 
the  increases  were  measured  from  an  unduly  high  base;  and  hence 
the  masking  of  the  noise  effects  there. 

Iirspiratorif  Quotient.  The  respiratory  quotient,  or  RQ,  to 
which  wo  have  reference  here,  is  the  non-protein  RQ.  That  is  to 
say,  it  is  calculated  without  determining  by  analysis  the  nitrogen 
ontent  of  the  urine.     Experience  has  shown  that  it  is  possible  to 
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TABLE  19 

Showing  Total  Increase  in  Ventilation  With  Woek  and  With  Noise  ; 

Also  Increase  Per  Problem  in  Liters  of  Air  Expired, 

in  Series  A,  B,  C,  D 


Gains  with 
Worlc,  Liters 

Difference 
Noise-Quiet 

%  Difference 

Gain  per 
Problem 

Norm  

20.6 

16.8 

0.43 

I  

39.3 

18.7 

90.7 

0.81 

II  

38.4 

17.8 

86.4 

0.78 

A 

Ill  

21.3 

00.7 

3.4 

0.45 

IV  

21.9 

1.3 

6.3 

0.45 

Norm  

19.7 

16.0 

0.42 

I  

20.3 

0.6 

3.0 

0.46 

II  

18.0 

-  1.7 

-  8.6 

0.40 

B 

Ill 

22.0 

2.3 

11.6 

0.49 

IV  

21.1 

1.4 

7.1 

0.47 

Norm  

19.7 

16.0 

0.42 

I 

19.9 

0.2 

1.0 

0.43 

II  

19.2 

-  0.5 

-  2.5 

0.43 

C 

Ill  

18.6 

-  1.1 

-  5.6 

0.40 

IV  

23.6 

3.9 

19.8 

0.49 

Norm  

21.6 

14.3 

0.28 

I 

25.2 

3.6 

16.7 

0.36 

II  

43.4 

21.8 

100.9 

0.59 

D* 

Ill 

16.9 

-  4.7 

-21.8 

0.22 

IV 

22.7 

1.1 

5.1 

0.29 

*  Standard  for  Recovery — 1  Av.  of  Recovery — 1  in  III  and  IV. 

obtain  with  the  non-protein  RQ  results  which,  for  all  practical  pur- 
poses, differ  little,  if  at  all,  from  those  obtained  by  the  more  compli- 
cated and  laborious  procedure;  and  indeed  the  latter  is  seldom 
employed  in  experiments  such  as  those  we  are  now  describing.17 

The  RQ  is  denned  as  the  ratio  of  carbon  dioxide  produced18  to 
oxygen  absorbed ;  and  it  is  determined  from  the  percentages  of  each 
which  are  present  in  the  expired  air.  In  the  present  experiment  we 
found  a  number  of  well-marked  changes  in  RQ  accompanying  the 
work  and  the  noise.  These  changes,  however,  were  so  variable  in 
their  direction  and  magnitude,  that  it  seemed  expedient  to  return 
to  our  original  manner  of  presentation,  i.e.,  as  a  composite  work 
curve,  rather  than  to  calculate  increases  and  decreases  with  work 
and  noise. 

In  Table  20,  therefore,  we  give  the  RQs  by  work  periods  in  the 
four  day-groups  for  each  of  the  experimental  series.     In  all  cases 


"  Hawk  and  Bergeim,  op.  cit. 

is  Inasmuch  as  the  carbon  dioxide  data  are  included  in  the  RQ,  we  have 
not  presented  the  former  measures  separately  here. 


58 


Till:   EFFECTS  OF  NOISE  UPON  CERTAIX 


TABLE  20 
.<;  Changes  in  Respiratory  Quotient  by  Day-Groups  in  Series  A,  B, 

C,  and  D 


Group 

Best 

Ilk.  I 

Wk.  II 

717;.  Ill 

Bed 

Bee.  2 

I 

Q. 

N. 

0.79 
0.78 

n.79 
0.77 

0.79 
0.76 

II 

Q. 

N. 

0.80 
0.77 

0.80 
0.80 

0.81 
0.78 

A 

III 

Q. 

N. 

0.81 
0.80 

0.80 
0.81 

0.81 
0.81 

IV 

N. 

0.78 
0.79 

0.79 
0.81 

0.79 
0.81 

I 

0.84 

0.82 

0.84 

0.84 

0.84 

0.84 

II 

0.82 

0.80 

0.80 

0.81 

0.81 

0.78 

B 

Ill 

0.81 

0.80 

0.80 

0.82 

0.82 

0.83 

IV 

• 

0.81 

0.81 

0.80 

0.82 

0.80 

0.83 

I 

0.79 

0.80 

0.72 

0.81 

0.73 

0.81 

1  [ 

0.77 

0.80 

0.78 

0.79 

0.79 

0.79 

C 

Ill 

0.79 

0.80 

0.79 

0.80 

0.76 

0.79 

IV 

0.77 

0.78 

0.78 

0.80 

0.84 

0.81 

I 

0.79 

0.76 

0.83 

0.82 

0.78 

0.77 

II 

0.81 

0.96 

0.90 

0.80 

0.80 

0.73 

D 

III 

0.77 

0.86 

0.78 

0.80 

0.79 

0.76 

IV 

0.80 

0.90 

0.87 

0.86 

0.81 

0.79 

except  Series  D,  we  see  that  the  subject's  RQ  changes  very  little, 
if  at  all  during  the  quiet  work.  In  D,  there  is  a  more  marked 
change,  usually  in  the  direction  of  an  increased  RQ  during  work, 
except  in  the  first  day-group,  where  the  RQ  decreased. 

The  first  effect  of  the  noise  was  in  most  cases  in  the  direction 
of  a  decreased  RQ,  followed  by  a  gradual  increase  in  the  succeeding 
day-groups.  After  adjustment  occurs,  the  RQ  may  even  be  higher 
in  noisy  than  in  quiet  periods.  This  is  true  in  Series  A  and  in 
Scries  (';  in  both  of  which  the  subject  was  faced  with  a  noise  which 
was  new  to  him.  In  Series  B  the  RQ  was  unaffected  by  the  noise, 
for  a  change  amounting  to  not  more  than  two  or  three  points  has 
no  significance.  It  must  be  remembered,  however,  that  by  the  time 
this  scries  was  run,  Subject  H  had  already  become  at  least  partially 
adjusted  to  the  noise.  In  this  case  B  would  seem  to  be  a  continua- 
t  ion  of  Series  A,  inasmuch  as  we  have  seen  that  adjustment  to  noise 

!s  to  raise  the  RQ. 

Series  D  shows  little  agreement  with  any  of  the  other  series.  In 
the  first  day-group  of  this  series,  the  effect  of  the  noise  was  to  raise 
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slightly  the  RQ ;  at  least  so  it  would  seem  at  first  glance.  On  the 
other  hand,  it  is  easily  possible  that  the  seemingly  higher  RQ  with 
noise  in  this  group  was  due  to  the  abnormally  low  RQ  for  Work  I. 
If  the  RQ  for  Work  I  had  been  as  high  in  this  group  as  in  each  of 
the  three  remaining  groups,  our  results  with  the  noise  would  have 
appeared  much  more  harmonious  and  consistent.  Then  it  might 
have  been  possible  to  say  that  the  first  effect  of  the  noise  was  in  the 
direction  of  a  lowered  RQ,  followed  by  a  more  gradual  return  to 
normal ;  and  inasmuch  as  the  figure  for  Work  I  does  appear  to 
be  anomalous,  we  may  well  accept  this  interpretation. 

Generalizing  from  our  data  on  the  RQ,  we  may  say  that  during 
the  work  itself  the  values  for  this  factor  either  remain  unchanged, 
to  all  practical  purposes ;  or  else  they  increase  approximately  10  to 
12  points,  as  in  Series  D.  This  effect  appears  to  be  constant  for  a 
given  subject.  When  the  noise  is  introduced,  however,  there  occurs 
an  immediate  drop  in  the  working  RQ,  followed  by  a  return  to 
" normal"  during  the  subsequent  work  periods.  The  progressive 
elimination  of  these  changes,  moreover,  follows  the  course  of  adjust- 
ment to  the  noise,  as  we  have  traced  it  in  connection  with  our  other 
measures. 

We  have  seen  that  the  increased  metabolic  rate  with  noise  in  the 
earlier  stages  of  a  series  is  characterized  by  increases  in  rate  of 
oxygen  absorption,  and  also  by  increases  in  ventilation.  The  de- 
creases in  RQ,  therefore,  clearly  point  to  the  fact  that  these  changes 
are  not  completely  paralleled  by  the  rate  of  elimination  of  carbon 
dioxide,  the  rate  of  increase  of  which  lags  somewhat  behind  that  of 
the  oxygen. 

4.  Heart  Bate 

The  heart  rate  of  our  subjects  was  measured  by  means  of  a 
cardiotachometer,  which  registers  the  beat  alone,  without  regard  to 
its  force  or  magnitude.  In  the  present  experiment,  heart  beats 
were  recorded  kymographically,  on  the  same  drum  which  contained 
the  breathing  curves  and  the  time  line.  Our  data  are  expressed  in 
terms  of  beats  per  minute ;  and  they  were  obtained  by  counting  the 
total  number  of  beats  recorded  over  a  period  of  one  minute  on  the 
kymograph  sheet.  In  a  few  instances  it  was  necessary  to  count  the 
beats  over  half-minute  periods,  doubling  their  number,  in  order  to 
determine  the  rate  per  minute;  but  such  procedure  was  the  excep- 
tion rather  than  the  rule. 

Our  records  cover  the  following  periods  within  each  experimen- 
tal sitting:  the  rate  for  Resting,  obtained  by  counting  the  beats 
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over  one-minute  periods  at  the  beginning  and  at  the  end  of  Rest. 
and  averaging  together  the  two  counts;  the  rate  during  Work  I, 
taken  during  the  first  and  the  fifth  minutes  of  work;  and  the  rate 
during  "Work  II,  taken  during  the  eleventh,  fifteenth  and  nineteenth 
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Figs.  29—1 1 
Showing   Changes   in   Heart  Rate  in   Successive  Work   Periods  by   Day- 
Groups  in  Series  A,  B,  C,  D. 

minutes  of  the  work  period.  In  Series  B,  C,  and  D,  the  rate  as 
measured  during  the  eleventh  minute  represents  Work  II;  while 
the  average  of  the  measures  for  the  fifteenth  and  the  nineteenth 
minutes  together  represents  Work  III.     In  these  last  three  series, 
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moreover,  the  rate  during  Recovery  was  measured  immediately 
following  the  cessation  of  the  work  (Recovery  1),  and  again  towards 
the  end  of  Recovery  2. 

Inasmuch  as  the  heart  rate  was  found  to  remain  quite  constant 
throughout  a  given  work  period,  we  decided  to  combine  our  data  as 
just  described,  giving  a  single  average  measure  for  each  period  and 
thus  rendering  our  results  directly  comparable  to  those  already 
presented. 

The  data  on  heart  rate  for  Series  A  are  presented  in  Table  21 


and  in  Figures  29-32. 


TABLE  21 


Showing  the  Heart  Rate  fob  Successive  Quiet  and  Noisy  Days  in 

Series  A 


Quiet  Hays 


Noisy  Hays 


Hate 


Best       W oriel    Work II        Hate 


1/13  73  81  82 

1/16  75  85  83 

1/19  74  86  85 

1/20 82  89  87 

1/21  79  86  85 

Av 76.6  85.4  84.4 

1/23  78  86  90 

1/26  70  85  85 

1/30  74  81  80 

2/2  _..  70  79  84 

Av 73.0  82.8  84.8 

2/4  68  77  81 

2/16  74  82  83 

2/18  ...  76  84  87 

2/24  72  77  80 

Av 72.5  80.0  82.8 

2/27  62  78  79 

3/4  84  90  95 

3/6 62  81  82 

3/9  66  83  81 

3/11  69  84  89 

Av 68.6  83.2  85.2 


Best       Work  I    Work  II 


1/15  82 

1/17 80 

1/22  70 

Av 77.3 

1/24  87 

1/27  80 

1/29  76 

1/31  78 

Av 80.3 

2/5  70 

2/7  74 

2/17  74 

2/19  78 

2/25  76 

2/26  66 

Av 73.0 

2/28  66 

3/5  67 

3/7  70 

3/10  66 

3/13  70 

Av 67.8 


99 

84 


87 
90.0 

86 
94 
81 

84 

86.3 

81 
84 
87 
91 
76 
86 
84.2 

75 
89 
83 
78 
89 
82.8 


99 
83 


85 
89.0 

83 
92 
81 
81 

84.3 

83 
85 
89 
88 
78 
82 
84.2 

82 
90 
80 
81 
86 
83.8 


From  the  results  in  this  table,  it  is  evident  that,  as  in  the  case 
of  metabolic  rate,  the  noise  at  first  produced  a  marked  effect  upon 
the  heart  rate,  increasing  it  somewhat  for  the  first  ten  days  or  more. 
Thereafter  the  rates  for  noisy  and  quiet  days  begin  to  overlap  more 
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and  more,  until,  towards  Hie  end  of  the  series,  there  is  no  longer  any 
clear-cut  distinction  between  the  two  sets  of  results.  From  the  data 
in  Table  21,  moreover,  we  see  a  close  correlation  between  the  heart 
rate  in  the  first  and  second  work-periods;  both  of  which  are  above 
the  corresponding  resting  rates. 

Prom  Figures  29-32  we  see  very  clearly  the  changes  in  heart 
rate  accompanying,  first  the  work  itself,  and  finally,  the  noise.  In 
all  cases  the  work  alone,  as  indicated  by  the  broken  line  is  associated 
with  a  marked  increase  in  the  rate;  an  increase  which  tends  to  be 
slightly  more  marked  towards  the  end  than  at  the  beginning  of  the 
work — at  least  in  the  last  three  day-groups.  When  the  noise  is 
introduced,  we  see  a  further  increase  in  heart  rate,  during  both 
work  periods;  while  the  process  of  adjustment  is  very  clearly  indi- 
cated from  one  day-group  to  another.  In  Group  IV,  the  average 
heart  rate  for  work  on  noisy  days  is  just  below  that  for  quiet  days ; 
a  criterion  of  perfect  adjustment.  It  is  also  worthy  of  note  in 
passing,  that  the  adjustment  to  the  noise  appears  first  in  Work  II, 
and  goes  forward  somewhat  more  rapidly  in  this  period  than  in 
Work  I.  The  close  parallelism  between  the  work  curves  for  quiet 
and  noisy  days  is  another  interesting  point  which  it  will  be  well 
to  bear  in  mind. 

TABLE  22 

Showing  Changes  in  Heart  Rate  During  Several  Periods  on  Successive 

Days  in  Series  B 

Tintr  Quiet  Quiet  Xoitu  Noist/  Quiet  Quiet 

Best  Work  I        Work  II     Work  III       Reel  Rec.g 

3/25   

3/26  60  76  78  80  68 


3/27  68  80  82  82  96  72 

3/28  64  76  80  78  66 

Av.  64.0  77.3  80.0  80.0  76.7  72.(1 

3/30  76  84  84  84  72 

3/31  67  80  84  *2 


4/1  73  80  84  83  74 

4/2  72  84  84  84 

Av.  72.0  82.0  84.0  83.3  73.0 

4/6  67  73  86  85  78  66 

4/7  76  82 

4/8  64  86  88  84  78  12 

4/0  74  84  82  82  84  :•'■ 

*▼.  70.3  81.3  v,.;;  B3.7  79.3  71.3 

Vl-r>  67  82  78  80  78  68 

4/16  60  76  72  64 

4/17  70  76  S2  84  74  74 

Av-  65.7  78.0  80.0  82.0  74.7  68.7 
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Let  us  now  turn  to  the  consideration  of  the  changes  in  heart  rate 
occurring  during  the  three  remaining  experimental  series.  The 
data  for  Series  B  are  found  in  Table  22  and  Figures  33-36. 

From  the  day-to-day  data  on  this  series  we  see  that  the  heart 
rate  during  Work  II  and  Work  III  (the  noisy  periods)  tends  to 
remain  somewhat  higher  than  the  rate  for  Work  I  from  beginning 
to  end,  with  but  two  exceptions.  The  same  fact  is  brought  out  even 
more  plainly  in  Figures  33-36,  where  the  data  are  averaged  in  day- 
groups.  Slight  though  the  change  may  be,  we  are  inclined  to  at- 
tribute it  to  the  effects  of  the  noise  rather  than  to  any  possi- 
ble cumulative  effect  of  the  work  by  itself,  especially  since  the 
increase  is  more  marked  in  Work  II  rather  than  in  Work  III  in  all 
except  the  last  day-group. 

Next  in  order  are  the  data  on  heart  rate  in  Series  C.  These  are 
presented  in  Table  23  and  in  Figures  37^10. 

TABLE  23 

Showing  Changes  in  Heart  Rate  During  Various  Periods  on  Successive 

Days  of  Series  C 

■n   .  Quiet  Quiet  Noisy  Noisy  Quiet  Quiet 

ae  Best  Work  I        Work  II      Work  III        Bee.  1  Bee.  2 

4/20  71.0  83.0  86.0  82.0  68.0  72.0 

4/21  68.0  81.0  82.0  81.0  72.0  72.0 

4/22  71.0  80.0  84.0  80.0  68.0  70.0 

4/23  69.0  82.0  82.0  81.5  75.0  66.0 

From  the  table  and  its  accompanying  figures  we  obtain  a  pic- 
ture which  closely  resembles  that  in  Series  B ;  during  the  first  three 
days,  at  least.  There  is  a  perceptible  increase  in  heart  rate  with 
the  introduction  of  the  noise  (Work  II)  ;  and  this  gain  tends  to 
disappear  during  the  last  work  period  (Work  III).  In  Series  C, 
however,  there  is  some  evidence  of  adjustment  on  the  part  of  the 
subject;  for  the  results  on  Day  4  show  no  appreciable  gain  in  heart 
rate  during  work,  even  though  the  noise  is  still  present.  The  fig- 
ures for  the  two  Recovery  periods,  moreover,  undergo  marked 
changes  throughout  the  series.  All  of  this  would  seem  to  indicate 
that  it  is  the  noise  rather  than  the  work  alone  which  is  affecting  the 
heart  rate  of  our  subject  here. 

The  data  for  heart  rate  in  the  experiments  with  Subject  E. 
Series  D,  are  given  in  Table  24,  and  Figures  41-44.  In  this  case 
the  day-to-day  results  clearly  show  a  higher  heart  rate  with  work 
during  noisy  periods  at  first,  followed  by  a  gradual  adjustment, 
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which  appears  to  have  been  fairly  complete  by  the  twelfth  day. 
Except  at  the  beginning,  moreover,  the  higher  rate  occurs  during 
Work  II,  rather  than  Work  III,  as  in  most  of  the  preceding  series; 
and  this  would  seem  clearly  to  indicate  that  the  higher  rate  could 
not  have  been  due  to  cumulative  effects  related  to  work  alone. 
Furthermore  it  is  to  be  noted  that,  from  the  twelfth  day  on  until 
the  end  of  the  series,  the  heart  rate  during  Work  II  and  Work  III 
is  not  consistently  higher  than  the  rate  during  Work  I. 

TABLE  24 

Showing  Changes  in  Heart  Rate  During  Various  Periods  for  Successive 

Days  in  Series  D 

Quiet  Quiet  Noisy  Noisy  Quiet  Quit  t 

Date  

Best  Work  I        Work  II      Work  III        Rec.  1  Rec.  £ 

5/11  68  84  82  93  74  72 

5/12  76  83  88  86  80  74 

5/13  75  84  96  90  76  7». 

5/14  76  82  84  86  87  76 

5/18  72 

Av 73.4  83.3  87.5  ss.s  76.8  74.5 

5/19  78  83  92  85  84  74 

5/20  72  83  84  86  78  72 

5/21  

5/22 73  85  84  80  78  72 

5/23  74  81  86  81  70 

Av 74.3  83.0  86.5  83.0  80.0  72.0 

5/25  74  81  80  80  84  80 

5/26 73  82 

5/27  84  87  90  87  92  81 

6/4  74  78  80  78  75  71 

6/5  72  81  76  80  74  71 

Av 75.4  81.8  81.5  81.3  81.3  75.8 

6/6 68  76  74  68  64 

6/8  72  85  si  81  85  72 

6/9  76  86  90  82  88  69 

6/10  74  73  82  75  75  66 

Av 72.5  80.0  si.',  78.0  79.0  67.8 


When  the  data  for  Series  D  are  averaged  by  day-groups,  we 
obtain  results  wliicb  are  in  striking  agreement  with  those  from 
Series  C.  The  only  difference  worth  noting  is  tin1  fact  that  in  D 
one  sees  no  marked  changes  in  the  recovery  process  from  one  day- 
group  to  another;  and  this,  it  will  be  remembered,  confirms  our 
findings  on  metabolic  rate  in  the  same  series. 

We  come  now  to  the  question  of  the  effects  of  the  noises  upon 
variability  of  heart   rate  in  Series  A,  B,  and  D.      These  data,  ex- 
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pressed  as  usual  in  terms  of  coefficients  of  variability,  will  be  found 
in  Table  25. 

TABLE  25 

Showing  Changes  in  Coefficients  of  Variability  for  Heart  Rate,  in 

Series  A,  B,  and  D 


Group 

Quiet  Days 

Noisy  Days 

Best 

Work  I 

Work  II 

Best 

Work  I     Work  II 

I 

4.44 

3.06 

2.13 

6.86 

7.24            7.97 

A 

II 

4.52 

3.50 

4.28 

5.11 

5.57            5.44 

Ill 

4.14 

3.89 

3.38 

5.30 

6.32           4.39 

IV 

12.38 

4.82 

6.92 

2.65 

6.88            4.42 

Best 

Work  I 

Work  II 

Work  III 

I 

8.13 

2.46 

2.00 

2.14 

B 

II 

5.14 

•2.44 

0.00 

1.23 

Ill 

6.97 

6.16 

2.93 

1.43 

IV 

6.38 

3.71 

2.50 

2.:,  7 

I 

4.23 

1.44 

6.17 

3.27 

D 

II 

3.10 

1.81 

3.81 

3.01 

Ill 

5. 54 

3.55 

7.36 

4.17 

IV 

4.14 

6.96 

4.75 

4.49 

From  the  table  we  see  that,  under  quiet  conditions,  the  varia- 
bility is  lowered  during  the  work  approximately  0.5  to  7.0  points, 
with  but  one  exception.  No  consistent  differences  between  Work  I 
and  Work  II  are  observable  in  Series  A.  On  the  noisy  days,  how- 
ever, the  variability  during  work  was  increased  over  the  corre- 
sponding resting  value  by  about  the  same  amount  that  it  was  low- 
ered on  the  quiet  rays.  With  the  exception  of  the  first  day-group, 
moreover,  the  effect  of  the  noise  is  more  pronounced  during  Work  I 
than  during  Work  II ;  and  the  only  evidence  of  adjustment  to  the 
noise  is  to  be  found  in  Work  II. 

In  series  B  we  find  the  effect  of  the  noise  operating  in  a  direc- 
tion exactly  opposite  to  that  of  Series  A.  Here,  as  before,  the 
work  under  quiet  conditions  is  characterized  in  general  by  a  de- 
creased variability.  When  the  noises  are  introduced,  however,  the 
result  is  a  still  further  decrease  in  variability  instead  of  an  in- 
crease ;  and  the  relationship  between  Work  I  on  the  one  hand,  and 
Work  II  and  III  on  the  other,  remains  unchanged  throughout  the 
series.  No  large  or  consistent  difference  between  variability  in 
two  noisy  work  periods  are  to  be  observed  during  this  series;  nor 
is  there  much  evidence  of  progress  in  the  adjustment  procass,  un- 
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leas,  indeed,  we  take  it  thai  i he  .subject  was  already  adjusted  to  the 
Dolse,  ami  remained  .so  throughout  the  series.  The  strongest  evi- 
dence in  favor  of  .such  a  hypothesis  lies  in  the  fact  thai  the  eff< 
of  the  noise  seems  to  be  reversed  in  Series  15;  and  this  argument  is 
strengthened  somewhat  by  our  experience  with  other  measurements 
in  this  .same  series. 
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Figs.  45-  60 

Showing  Changes  in   Breathing    Kate  in  Successive  Work    Periods  by   Day- 

Groups   in   Series    A.  H,  C,  D. 

A.>  in  most  of  the  other  cases,  the  data  for  Series  D  are  in  very 
close  agreement  with  those  for  Series  A.     In  respect  to  variability 

of  heart   rate,  this  agreement   takes  the  shape  of  a  decrease  in  the 
< fficients  during  work   under  quiet    conditions;  and  an   increase 
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under  noisy  conditions — during  Work  II.  Variability  during 
Work  III  closely  approximates  the  resting  values,  though  it  remains 
higher  than  Work  I,  except  in  the  last  day-group,  which  has  an  ab- 
normally high  value  for  variability  during  Work  I.  Still,  it  must 
be  remembered  that  the  size  of  our  day-groups  was  so  small  that  a 
single  case  might  very  easily  affect  the  variability  at  any  time.  All 
things  considered,  there  is  certainly  good  evidence  in  favor  of  ad- 
justment to  the  noise  in  Series  D ;  for  all  of  the  values  have  drawn 
very  close  together  by  the  end  of  this  series. 

TABLE  26 
Showing  Changes  in  Breathing  Bate  from  Day  to  Day  in  Series  A 


Quiet  Days 

Noisy  Days 

Date 

Best 

Work  I 

Work  II 

Date 

Best 

Work  I 

Work  II 

1/13  .... 

.  17.0 

17.0 

16.3 

1/15  .... 

.     18.0 

18.5 

18.0 

1/16  .... 

.  18.0 

15.5 

17.0 

1/17  .... 

.  17.0 

19.0 

19.0 

1/19  .... 

.  17.0 

18.0 

18.3 

1/20  .... 

.  18.0 

17.5 

17.3 

1/21  .... 

.  16.0 

18.0 

17.8 

1/22  .... 

.  16.0 

17.0 

18.3 

Av 

.  17.2 

17.1 

17.3 

Av 

.  17.0 

18.2 

18.4 

1/23  .... 

.  18.0 

16.5 

17.3 

1/24  .... 

.  19.0 

19.0 

18.0 

1/26  .... 

.  18.0 

18.5 

17.8 

1/27  .... 

.  18.0 

19.5 

18.8 

1/28  .... 

.  17.0 

16.5 

15.8 

1/29  .... 

17.0 

17.0 

15.7 

1/30  ... 

..  18.0 

16.5 

16.0 

1/31  .... 

.  17.0 

18.5 

18.0 

2/2  

..  17.0 

16.0 

17.0 

Av.  ... 

..  17.6 

16.8 

16.7 

Av 

.  17.8 

18.5 

17.6 

2/4  

..  17.0 

16.5 

16.3 

2/5  

.  17.0 

17.5 

17.3 

2/6  

2/7  

.  17.0 

15.5 

14.3 

2/16  ... 

..  17.0 

16.0 

16.0 

2/17  .... 

.  16.0 

18.0 

16.8 

2/18  ... 

..  17.0 

18.5 

17.3 

2/19  .... 

..  16.0 

20.0 

18.7 

2/24  ... 

..  17.0 

17.5 

17.0 

2/25  .... 

..  16.0 

17.5 

16.7 

2/26  .... 

..  17.0 

16.5 

18.0 

Av.  ... 

.  17.0 

17.2 

16.9 

Av 

..  16.5 

17.5 

17.0 

2/27  ... 

..  16.0 

17.0 

17.3 

2/28  ... 

..  16.0 

18.5 

18.0 

3/4  

..  17.0 

16.0 

17.8 

3/5  

..  16.0 

18.5 

19.0 

3/6  

..  16.0 

17.5 

17.3 

3/7  

..  16.0 

17.5 

18.8 

3/9  

..  17.0 

16.5 

17.3 

3/10  .... 

.  16.0 

18.5 

18.0 

3/11  ... 

..  16.0 

17.5 

16.3 

3/13  ... 

..  16.0 

19.0 

17.0 

Av. 

16.4 

16.9 

17.2 

Av. 

16.0 

18.5 

18.1 

By  way  of  summarizing  our  findings  with  heart  rate,  we  may 
say  that  these  results  are  in  close  agreement  with  the  data  on  meta- 
bolic rate.  This  is  exactly  what  one  would  expect  to  find.19  In  our 
own  experiments  we  observed  that  the  work  alone  was  accompanied 
by  an  increase  in  the  heart  rate  of  the  subjects,  ranging  from  8  to 

is  The  relationship  between  metabolic  rate  and  heart  rate  in  the  ease  of 
purely  physical  work  has  been  investigated  and  described  by  Schubert  (33). 
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]■',  beats  per  minute;  while  the  noises,  in  the  earlier  stages,  in- 
creased the  working  rate  as  much  as  5  beats  per  minute,  on  the 
average.  During  the  subsequent  day-groups,  moreover,  there  was 
a  picture  of  adjustment  to  the  noises,  to  a  greater  or  less  extent. 
In  no  case,  however,  did  the  adjustment  in  this  process  appear  as 
complete  as  in  the  case  of  metabolic  rate. 

5.  Breathing  Bate 

Breathing  rate,  in  cycles  per  minute,  was  measured  in  the  same 
manner  and  over  the  same  periods  as  the  heart  rate  of  our  subjects. 
These  data  are  presented  in  Tables  26  to  29,  and  in  Figures  45-60. 

From  these  data  it  is  apparent  that  our  results  on  breathing 
rates  are  rather  inconsistent:  at  least  in  so  far  as  changes  accom- 
panying the  work,  independently  of  the  noises,  are  concerned.  In 
Series  A,  we  find  that  the  breathing  rate  tended  sometimes  to  in- 
crease and  sometimes  to  decrease  during  work ;  these  tendencies, 
moreover,  reversing  themselves  at  times  from  one  work  period  to 
the  other.  In  Series  B  the  changes  accompanying  the  work  were 
uniformly  in  the  direction  of  a  slightly  decreased  breathing  rate; 
while  in  Series  C  the  rate  wTas  twice  decreased  and  twice  increased. 

TABLE  27 
Changes  in  Breathing  Bate  from  Day  to  Day  in  Series  B 


Quiet 

Quiet 

Noise 

Xoi-sc 

Quiet 

Quiet 

Bate 

Best 

Workl 

WorJc  II 

Work  III 

Bec.l 

Bee.  2 

3/25  

15.0 

16.5 

15.0 

17.5 

17.0 

3/26   

....     16.0 

16.0 

17.0 

17.8 

ls.n 

3/27 

17.0 

16.5 

18.0 

18.0 

15.0 

18.0 

3/28  

.....     17.0 

15.5 

16.0 

19.5 

18.0 

Av 

16.3 

16.2 

16.5 

18.2 

17.0 

18.0 

3/30   

16.0 

16.5 

17.0 

17.0 

17.0 

3/31   

....     17.D 

15.5 

L6.5 

17.0 

4/1 

L5.5 

15.8 

17.0 

18.0 

19.0 

15.0 

4/2 

18.0 

18.3 

19.0 

17..- 

Av. 

16.6 

16.4 

17.4 

17.2 

18.0 

15.0 

4/8 

...     L7.0 

15.S 

17.0 

16.0 

18.0 

17.0 

I    < 

17.0 

15.0 

16.5 

16.0 

L8.0 

4/8 

15.0 

16.8 

17.0 

Is." 

19.0 

15.0 

4/9   

18.0 

18.0 

19.0 

17.:, 

80.0 

17.0 

Av. 

16.8 

16.4 

17.4 

16.9 

18.8 

16.3 

1    L5 

....     14.0 

15.3 

18.0 

16.0 

15.0 

16.0 

4/16 

15.0 

15.3 

17.5 

17.3 

17.7, 

16.0 

4/17 

17..", 

15.0 

IS. II 

16.0 

18.0 

18.0 

Av. 

1 

15.0 

L7.8 

16.8 

16.8 

16.7 
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Only  in  the  last  named  series  did  this  change  amount  to  as  much 
as  one  cycle  per  minute,  however.  In  Series  D,  on  the  other  hand, 
the  work  was  marked  always  by  decreases  in  the  rate  of  breathing, 
and  the  amount  of  change  generally  ran  as  high  as  five  cycles  per 
minute. 

TABLE  28 
Showing  Changes  in  Breathing  Rate  prom  Day  to  Day  in  Series  C 

Quiet  Quiet  Noise  Noise  Quiet  Quiet 

Date 

Best  Worlcl        Worlc  II       Work  III         Bec.l  Bee.  2 

4/20  17.0  16.3  16.5  18.0  15.0  16.0 

4/21  17.0  15.5  17.5  18.0  18.0  18.0 

4/22  15.0  15.3  18.0  16.5  16.5  16.5 

4/23  16.0  17.0  16.0  18.0  15.0  18.0 


When  the  noise  accompanied  the  work,  there  always  followed  a 
sharp  increase  in  breathing  rate  in  Series  A.  This  increase  ranged 
from  0.5  to  2.5  cycles  per  minute  during  "Work  I.     During  Work 

TABLE  29 

Showing  Changes  in  Breathing  Rate  from  Day  to  Day  in  Series  D 

Quiet  Quiet  Noise  Noise  Quiet  Quiet 

Date  - 

Best  Work  I        Work  II       Work  III         Bec.l  Bee.  2 

5/11  19.0  16.0  ls.,i  17.0  25.0  20.0 

5/12  20.0  19.0  19.0  22.8  23.0  26.0 

5/13  23.0  20.0  20.0  22.5  20.0  30.0 

5/14  18.5  21.0  19.0  18.5  24.0  20.0 

5/18  22.0  17.8  20.0  19.8  23.0  24.0 

Av 20.5  18.8  19.2  20.1  23.0  24.0 

5/19  22.0  17.0  16.5  18.5  23.0  24.0 

5/20  21.0  17.0  22.0  19.0  26.0  26.0 

5/21  22.0  17.8  19.0  22.5  18.0  28.0 

5/22  26.0  17.0  20.5  21.0  25.0  24.0 

5/23  26.0  20.5  20.0  21.0       20.0 

Av 23.4  17.9  19.6  20.4  23.0  24.4 

5/25  20.0  16.5  24.0  20.3  23.5  24.0 

5/26  19.5  15.0  16.0  19.5  23.0  22.0 

5/27  19.0  14.5  21.0  18.5  24.0  19.0 

6/4  19.0  14.5  16.0  14.5  23.0  24.0 

6/5  _ 20.0  15.0  17.5  16.5  23.0  20.0 

Av 19.5  15.1  18.9  18.4  23.3  21.8 

6/6  23.0  17.8  18.0  14.3  22.5  18.5 

6/8  19.0  16.0  15.5  17.5  18.0  23.0 

6/9  20.0  14.0  14.5  14.5  16.0  23.0 

6/10  17.5  12.8  14.0  15.8  24.0  21.0 

Av 19.9  15.1  15.5  15.5  22.6  21.4 
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II  thorp  was  a  Blight  falling  off  in  breathing  rate  once  more,  rang- 
ing from  0.1  to  ()..s  cycles  per  minute  le.ss  than  the  rate  daring  the 
first  work  period.     There  was  very  little  evidence  of  adjustment 
the  noise  during  this  scries. 

In  Series  B  we  observed  a  very  slight,  practically  insignificant 
falling  off  in  breathing  rate  with  work  during  Work  I — the  quiet 
work  period.  When  the  noises  began  there  was  an  instant  ruse  in 
rate,  which  then  began  to  exceed  the  corresponding  resting  values. 
With  the  exception  of  the  first  day-group,  breathing  rate  was  al- 
ways higher  during  Work  II  than  during  Work  III.  The  extent 
of  the  changes  which  we  have  described  for  Series  B  was  about  the 
same,  on  the  average,  as  the  extent  of  those  in  Series  A ;  and  here 
as  before,  one  is  able  to  find  very  little  evidence  of  adjustment  to 
the  noise.  The  recovery  data  on  breathing  in  all  series  appeared 
too  incomplete  and  erratic  to  warrant  discussion. 

The  results  for  Series  C  resemble  those  for  Series  B  in  many 
respects,  except  that  in  this  series  the  rate  was  higher  during  Work 

III  than  during  Work  II  in  three  out  of  the  four  days.  On  the 
last  day  of  Series  C,  the  breathing  rate  during  Work  II  was  exactly 
equal  to  the  resting  rate ;  though  in  the  absence  of  further  data  it 
does  not  seem  safe  to  conclude  that  adjustment  had  actually  taken 
place. 

Series  D  gives  us  our  most  consistent  picture  of  the  effects  of 
noise  and  the  process  of  adjustment  in  breathing  rate.  Here  the 
work  itself  was  accompanied  by  decreases  in  breathing  rate  ranging 
from  1.5  to  5.0  cycles  per  minute;  while  the  noise  increased  the 
working  rate  from  0.5  to  4.0  cycles  per  minute  during  Work  II. 
In  Work  III  the  working  rate  increased  another  cycle  during  the 
first  two-day  groups.  During  the  last  day-groups  breathing  rate 
remained  practically  unchanged  from  "Work  II  to  Work  III.  Dur- 
ing  the  last  day-group,  the  breathing  rate  during  noisy  work  aver- 
aged only  0.5  cycles  per  minute  higher  than  during  quiet  work.  In 
this  series  the  cessation  of  all  work  was  followed  by  a  sharp  increase 
in  breathing  rate,  as  measured  in  the  two  recovery  periods;  and 
this  occurred  without,  exception  throughout  the  four  day-groups. 

Because  of  the  great  variability  of  the  results  on  breathing  rate. 
we  have  made  no  attempts  to  carry  our  analysis  of  these  data 
further.  We  may  say  in  conclusion,  however,  that  the  kymo- 
graphy records  of  breathing  rate  tended  to  agree  fairly  well  with 
the  data  Oil  ventilation,  presented  above.  The  general  effect  of  the 
noises  in  practically  every  case  was  in  the  direction  of  an  increased 
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breathing  rate.  Though  the  work  itself  seemed  to  be  characterized 
by  changes  in  the  opposite  direction,  it  must  be  remembered  that 
our  picture  of  this  process  is  not  complete  until  we  have  considered 
the  corresponding  changes  in  amplitude  of  breathing;  and  it  is  to 
these  that  we  now  turn. 

6.  Breathing  Amplitude 

This  process  was  measured  by  computing  the  average  height,  in 
millimeters,  of  the  breathing  curves  within  each  of  the  work 
periods  described  above.  Rather  than  measure  the  height  of  each 
curve  individually,  we  shortened  the  procedure  by  drawing  on  the 
kymograph  records,  two  lines,  parallel  to  the  time  line  and  to  each 
other ;  and  representing  the  averages  of  the  extremes  of  the  breath- 
ing curves.  The  distance  between  these  two  lines  represented  ap- 
proximately the  average  height  of  the  breathing  curves,  and  this 

TABLE  30 

Showing  Changes  in  Height  op  Breathing  Curves  in  mm.  on  Successive 

Days  in  Series  A 


Quiet  Days 

Noisy  Days 

Date 

Rest 

Work  I 

Work  II 

Date 

Rest 

Work  I 

Work  II 

1/13  .... 

2.4 

2.6 

2.4 

1/15  .... 

1.8 

2.1 

1.9 

1/16  .... 

1.7 

1.7 

2.2 

1/17  .... 

1.9 

2.4 

2.0 

1/19  .... 

1.9 

1.9 

2.3 

1/20  .... 

2.1 

1.6 

1.7 

1/21  .... 

1.9 

1.6 

1.7 

1/22  .... 

1.4 

2.6 

1.8 

Av 

2.0 

1.9 

2.0 

Av 

1.7 

2.0 

1.9 

1/23  .... 

.   2.1 

3.7 

2.8 

1/24  

1.9 

2.0 

2.2 

1/26  .... 

2.1 

2.3 

2.9 

1/27  

2.4 

2.8 

2.8 

1/28  .... 

2.5 

2.1 

2.0 

1/29  

2.1 

2.3 

2.8 

1/30  .... 

1.5 

1.8 

2.3 

1/31  

2.0 

3.5 

2.9 

2/2  

2.7 

2.3 

2.9 

Av 

2.2 

2.5 

2.6 

Av 

2.1 

2.6 

2.7 

2/4  

.   2.1 

2.3 

2.5 

2/5  

.   2.2 

2.9 

2.8 

2/6  

2/7  

2.6 

4.0 

3.3 

2/16  .... 

2.7 

2.9 

3.1 

2/17  

2.9 

3.7 

3.7 

2/18  .... 

2.4 

3.3 

3.5 

2/19 

3.0 

2.9 

3.4 

2/24  .... 

2.8 

3.3 

2.9 

2/25  

2.2 

3.2 

2.9 

2/26  

2.3 

2.7 

2.5 

Av 

2.5 

3.0 

2.7 

Av 

2.5 

3.2 

3.1 

2/27  

.   2.5 

2.9 

2.6 

2/28  

2.5 

2.3 

2.7 

3/4  

2.9 

3.3 

3.0 

3/5  

3.0 

3.6 

3.3 

3/6  

2.4 

2.8 

3.3 

3/7  

2.4 

2.2 

3.0 

3/9  

2.5 

2.4 

2.8 

3/10  

2.7 

3.5 

3.2 

3/11  

2.2 

2.8 

2.3 

3/13  

2.7 

3.0 

2.6 

Av. 

2.5 

2.8 

2.8 

Av. 

2.7 

2.9 

3.0 
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procedure  was  repeated  at  each  point  on  the  records  where  breath- 
ing rates  had  been  counted. 

The  data  on  breathing  amplitude,  thus  obtained,  are  presented 
in  Tables  30-33  for  the  four  series.  Figures  61-7G  represent 
these  data  graphically  by  day-groups.  From  the  latter  we  see  that 
the  work  is  generally  accompanied  by  a  slight  increase  in  the  am- 
plitude of  breathing;  though  there  may  occur  exceptions  in  indi- 
vidual cases,  e.g.,  in  Series  C. 

The  introduction  of  the  noises  resulted  in  an  immediate  increase 
in  breathing  amplitude  over  the  corresponding  figures  for  quiet 

TABLE  31 

Showing  Changes  in  Height  of  Breathing  Curves  in  mm.  on  Successive 

Days  in  Series  B 


Date 

Quiet 

Quiet 

Noise 

Noise 

Quiet 

Q>> 

Rest 

Work  I 

Work  II 

Work  III 

Feci 

Bee.  8 

3/25   

2.7 

2.8 

3.6 

3.4 

3.2 

3/26   

....       2.6 

3.2 

2.2 

3.2 

2.5 

— 

3/27   

....       2.7 

3.4 

3.4 

3.0 

5.4 

3.2 

3/28   

....       2.5 

2.3 

1.9 

2.7 

2.6 

Av 

....       2.6 

3.0 

2.8 

3.1 

3.4 

3.2 

3/30   

....       3.0 

3.7 

3.2 

3.3 

3.2 

3/31   

....       2.8 

4.0 

3.0 

3.1 

4/1   

....       2.9 

3.3 

2.8 

3.1 

2.8 

4/2   

3.4 

2.7 

3.0 

3.8 

Av 

3.0 

3.5 

3.0 

3.3 

3.0 

4/6    

2.4 

3.4 

3.4 

3.3 

2.8 

2.2 

4/7    

2.4 

2.5 

2.8 

2.9 

2.5 

4/8   

2.3 

3.4 

2.5 

2.4 

2.6 

1.8 

4/9   

3.0 

2.5 

2.8 

2.8 

2.1 

2.2 

Av 

2.5 

3.0 

2.9 

2.8 

2.5 

2.1 

4/15   

2.7 

2.6 

2.6 

3.4 

3.2 

2.1 

4/16   

3.4 

2.9 

2.7 

3.0 

2.6 

2.5 

4/17   

2.8 

3.4 

2.4 

3.2 

3.2 

3.1 

Av. 

3.0 

3.0 

2.6 

3.2 

3.0 

2.6 

TABLE  32 
Showing  Changes  in  Height  of  Breathing  Curves  in  mm.  on  Successive 

Days  in  Series  C 


Date 

Q:, 

Q)iirt 

Noise 

Noixc 

Qui'  t 

Qu 

Bert 

U'nrkl 

Work  II 

Work  III 

i;<  c  i 

Rrr.S 

4/20 

4/21 
4/2 'J 
>   23 

3.4 
2.7 

3.7 
3.3 

2.S 
3.1 
3.2 
3.6 

■:,.] 

2.7 
3.9 
4.7 

2.9 
3.1 

:i.2 
3.9 

2.9 
3.2 
3.2 
3.6 

3.1 
3.1 
3.4 

2.8 
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TABLE  33 

Showing  Changes  in  Height  of  Breathing  Curves  in  mm.  on  Successive 

Days  in  Series  D 

Quiet  Quiet  Noise  Noise  Quiet  Quiet 

Date 

Best  Work  I  Work  II  Work  III  Bec.l  Bee.  2 

5/11  3.1  2.9  4.5  2.8  2.9  2.9 

5/12  3.2  3.0  3.0  3.5  3.1  2.5 

5/13  2.3  3.0  4.1  2.9  3.8  3.1 

5/14  2.9  3.0  2.7  3.4  2.3  2.4 

5/18  2.8  3.0  3.0  2.8  3.3  2.9 

Av 2.9  3.0  3.5  3.1  3.1  2.8 

5/19  3.2  3.6  4.4  4.1  2.8  2.5 

5/20  3.5  4.1  3.6  3.2  3.4  3.2 

5/21  3.5  3.6  4.3  3.4  4.0  3.9 

5/22  3.0  4.8  3.5  3.3  3.8  3.7 

5/23  2.8  3.6  4.3  3.2  .      3.1 

Av 3.1  3.8  4.0  3.4  3.5  3.3 

5/25  2.7  3.6  2.8  3.1  2.7  2.6 

5/26  2.8  3.7  3.4  3.1  3.7  2.8 

5/27  2.4  2.8  3.0  3.0  3.7  2.5 

6/4  2.4  3.5  3.1  3.0  3.2  3.2 

6/5  3.2  4.0  3.3  3.5  3.0  2.9 

Av 2.7  3.5  3.1  3.1  3.3  2.8 

6/Q   2.5  2.9  3.1  3.5  2.5  2.9 

6/8  3.4  3.4  2.6  3.0  4.1  2.7 

6/9  2.6  3.8  3.5  2.9  3.2  2.7 

6/10  2.8  2.4  3.3  2.8  2.3  2.8 

Av 2.8  3.1  3.1  2.9  3.0  2.8 


periods.  When  the  subjects  were  unadjusted  to  the  particular 
noise  under  investigation  (Series  A,  C,  D)  its  effect  was  most  pro- 
nounced during  the  first  noisy  work  period ;  when  the  subject  was 
partially  adjusted  (Series  B),  however,  the  noise  produced  a  de- 
crease in  breathing  amplitude  during  the  first  noisy  work  period, 
followed  by  a  gradual  increase  during  the  second.  In  other  words, 
when  the  subject  was  unused  to  the  noise,  his  tendency  was  to  re- 
spond to  it  with  a  sudden  increase  in  the  depth  of  breathing,  fol- 
lowed by  a  gradual  return  to  the  normal  working  value;  and  the 
progress  of  adjustment  may  be  traced  by  noting  the  decreases  in 
this  surplus  breathing  amplitude.  Evidence  of  adjustment  was 
found  throughout  the  four  series,  with  the  possible  exception  of 
Series  C. 

We  have  confined  our  description  of  the  changes  in  depth  of 
breathing  wholly  to  trend  comparisons;  first  because  our  method 
of  measuring  this  function  was  relative  rather  than  absolute;  and 
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second,  because  of  the  high  degree  of  variability  in  the  data  them- 
selves. 

Qualitative  descriptions  of  the 
the  question,  as  far  as  throwing  a 
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Showing  Changes  in  Breathing  Amplitude  in  Successive  Work  Periods  by 

Day-Groups  in  Series  A,  B,  C,  D. 

was  concerned.     The  most  promising  approach  would  seem  to  have 
been  the  study  of  changes  in  the  curves,  due  to  articulation.     We 
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were  unable,  however,  to  discover  any  changes  which  might  have 
been  attributed  to  the  noises;  chiefly  because  of  the  fact  that,  in 
order  to  increase  output,  the  subjects  had  been  encouraged  to 
articulate  when  adding,  under  quiet  and  noisy  conditions  alike. 
For  these  reasons  we  have  not  included  any  data  on  this  head  in 
the  present  report. 

7.  Introspective  Reports 

From  the  day-to-day  reports  of  the  subjects  regarding  their  at- 
titude, we  classified  these  responses  in  three  categories;  namely, 
Good,  Indifferent,  and  Bad.  Such  a  classification  is  almost  self- 
explanatory.  By  saying  that  the  subject's  attitude  on  any  given 
day  was  "Good, "  we  meant  that  he  described  himself  as  alert, 
active,  and  keenly  interested  in  the  task  before  him.  A  "Bad" 
attitude  might  have  been  caused  by  any  one  of  a  dozen  factors,  such 
as  ennui,  worry  over  outside  affairs,  general  "blueness, "  and  the 
like.     An  "Indifferent"  attitude  fell  between  these  two  extremes. 

When  these  data  were  arranged  chronologically  in  the  several 
series,  there  was  noticeable  a  marked  tendency  for  a  given  feeling- 
tone  or  attitude  to  persist  over  a  period  of  from  two  to  five  days, 
approximately.  Within  this  period  there  might  occur  wide  day- 
to-day  fluctuations  in  our  other  measures:  in  output,  accuracy, 
metabolic  rate,  etc. ;  so  that  attitude  could  not  be  regarded  as  hav- 
ing any  significant  relationship  to  the  effects  of  the  noise.  That  is 
to  say  that  the  noise  was  effective  as  often  when  the  attitude  of  the 
subject  was  "Good"  as  when  it  was  "Bad"  or  "Indifferent,"  and 
vice  versa.20 


20  The  effects  of  emotional  states  upon  the  resting  metabolic  rate  is  an- 
other problem  entirely;  and  our  present  data  on  this  point  are  to  be  incor- 
porated in  a  forthcoming  report  (31). 
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V.  Discussion 

As  described  above,  we  found  that  there  was  a  slight  tendency 
for  our  noises  to  retard  output,  measured  in  terms  of  problems 
worked  during  a  period  of  twenty  minutes.  These  decreases,  how* 
ever,  were  small ;  nor  is  there  any  reason  for  supposing  that  they 
would  have  attained  greater  significance  had  the  work  period  been 
longer.  Morgan  (25),  Ford  (12),  Laird  (22),  and  Vernon  and 
Warner  (39)  all  used  work  periods  longer  than  ours,  ranging,  in 
fact,  from  two  to  four  hours;  yet  their  results  on  this  head  are  in 
substantial  agreement  with  our  own.  In  regard  to  accuracy  of 
work  under  noisy  conditions,  our  data  showed  a  more  positive 
trend  than  that  reported  by  most  investigators  cited  above.  "We 
found  definite  decreases  in  accuracy  accompanying  the  noise;  de- 
creases, however,  which  were  of  short  duration,  and  which  were 
compensated  for — in  part,  at  least — by  increases  during  the  later 
sittings  of  a  given  series.  In  both  output  and  accuracy,  however, 
there  was  evidence  of  adjustment  to  the  noises  on  the  part  of  the 
subjects  in  every  case,  regardless  of  the  size  of  the  original  noise 
effects. 

The  relationship  between  mental  work  and  metabolic  rate  com- 
prises in  itself  a  goodly-sized  field  for  research.  This  problem  has 
been  investigated  by  a  number  of  workers,  the  studies  dating  back 
as  far  as  1882  (36).  Grafe  (16)  in  1928  published  an  excellent 
critical  review  of  the  various  investigations  bearing  upon  this 
topic. 

Practically  all  investigators  are  agreed  that  mental  work  ia 
accompanied  by  very  slight  changes  in  metabolic  rate.  Benedict 
(4;  5)  found  rate  increases  averaging  around  5  percent  when  the 
muscular  movements  of  his  subjects  were  allowed  for.  Knipping 
(19)  in  1923  reported  results  which  are  in  very  substantial  agree- 
ment with  our  own ;  even  to  the  extent  of  finding  a  tendency  for  the 
RQ  to  be  decreased  with  work.  This  fact  Knipping  relates  to 
changes  in  the  phosphoric  acid  content  of  the  blood.  Ilzhoefer 
(18),  avoiding  movement  on  the  part  of  his  subjects,  found  con- 
slant  increases  in  metabolic  rate  accompanying  reading;  increases 
which  varied  from  1.6  percent  to  5.1  percent,  according  to  the  dif- 
ficulty of  the  material  read.  Laird  and  Wheeler  (20),  (23),  have 
made  use  of  a  method  similar  to  the  one  described  by  us  for 
measuring  energy  "cost"  per  unit  of  mental  Avork.     These  inves- 
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tigators,  however,  fell  into  the  error  of  supposing  that  they  were 
measuring  "true  mental  efficiency"  and  disregarded  the  part 
played  by  concomitant  bodily  processes. 

All  things  considered,  the  energy  "cost"  of  mental  work  must 
be  comparatively  slight,  even  when  this  work  is  accompanied  by 
limited  bodily  movement,  such  as  writing.  The  net  result  of  such 
activity  is  a  somewhat  higher  rate  of  combustion  of  the  bodily  food 
stores,  and  a  correspondingly  slight  increase  in  the  generation  of 
heat.  It  is  far  from  likely  that  the  surplus  stores  of  fat  and  carbo- 
hydrates are  drawn  upon  to  meet  this  demand  for  added  energy; 
nor  is  any  oxygen  debt  worth  speaking  of  incurred.  The  physio- 
logical changes  with  mental  work  are  practically  insignificant  when 
compared  with  those  accompanying  various  kinds  of  physical 
work  (38). 

This,  then,  is  the  situation  into  which  the  noise  is  introduced. 
The  effect  of  the  latter  is  to  increase  still  further  the  energy  expen- 
diture during  the  work,  sometimes  as  much  as  60  percent  or  more. 
The  net  effect,  however,  is  still  too  slight  to  have  any  far-reaching 
effects  upon  the  general  bodily  economy;  and  what  effect  does  ap- 
pear is  soon  obscured  by  the  adjustment  of  the  individual  to  the 
new  situation. 

When  the  effect  of  the  noise  is  expressed  in  terms  of  problems 
done  and  compared  with  corresponding  norms  for  quiet  periods, 
then  indeed  one  finds  indications  that  noise  might  offer  a  real  prob- 
lem in  our  daily  lives;  were  it  not  for  the  fact  of  adjustment.  At 
this  point  we  must  remember,  however,  that  a  given  subject  varies 
greatly  in  his  response  to  noise  from  day  to  day;  and  we  must  not 
be  misled  in  our  conception  of  adjustment  by  the  picture  obtained 
from  day-groups  alone.  Adjustment  undoubtedly  there  is ;  but  it 
is  possible  too  that  other  factors  may  enter  in  to  upset  an  individ- 
ual's adjustment  on  any  given  day;  factors  related  to  his  emotional 
stability,  for  example. 

The  results  obtained  from  other  investigations  of  changes  in 
heart  rate  and  breathing,  while  more  variable  than  those  dealing 
with  metabolic  rate,  are  nevertheless  in  fairly  close  agreement  with 
our  own  data.  As  mentioned  above,  Schubert  (33)  found  a  close 
correlation  between  heart  rate  and  metabolism  in  the  case  of  physi- 
cal work,  just  as  we  did  in  our  own  experiment.  Chief  among 
those  investigators  reporting  increased  heart  rate  with  mental  work 
are  Shepard  (34);  Day  (8);  Gillespie  (15);  and  Skaggs  (35). 
Skaggs  also  reports  increases  in  breathing  rate  from  3  to  4  cycles 
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per  minute,  accompanying  mental  multiplication;  while  Zoneff  and 
Menmann  (40)  ;  Angell  and  Thompson  (1)  ;  and  others  have  re- 
ported decreases  among  some  of  their  subjects. 

Investigations  dealing  with  changes  in  pulse  and  breathing 
aciompanying  noise  have  been  numerous;  and  the  reader  is  re- 
ferred once  more  to  the  work  of  Diserens  (9)  for  a  summary  of 
these.  Though  the  data  are  often  variable  and  conflicting  there 
seems  to  be  a  general  tendency  for  noise  to  accelerate  these  proc- 
esses to  a  greater  or  a  lesser  extent ;  depending  to  some  degree,  how- 
ever, upon  the  nature  of  the  stimuli,  and  the  direction  of  the  sub- 
ject's attention.  In  all  of  the  studies  reported,  one  notes  that  the 
question  of  adjustment  is  neglected  by  the  investigators. 


VI.    SUMMAEY   AND   CONCLUSION 

1.  Experiments  with  two  subjects  have  .shown  that  mental  work 

together  with  its  physical  concomitants  is  accompanied  by 
small  but  consistent  increases  in  metabolic  rate;  heart  rate; 
and  breathing  rate  and  volume.  When  complex  noises,  rang- 
ing in  intensity  from  55  to  65  decibels,  are  added  to  the  situa- 
tion further  increases  in  these  values  are  observable  at  first. 

2.  The  increases  in  the  working  values  caused  by  the  noises  may 

run  as  high  as  60  percent  or  more  during  the  first  days  of  an 
experiment;  and  they  are  most  marked  during  the  first 
periods  in  which  noises  are  present. 

3.  When  the  subject  is  presented  with  the  same  situation  day  after 

day,  over  a  period  of  several  weeks,  the  noise  effects  gradually 
disappear,  and  the  working  values  tend  to  return  to  normal. 

4.  Adjustment  to  the  noises  tends  to  appear  first  in  those  work 

periods  which  showed  the  greatest  initial  effect  of  the  noise, 
and  last  in  the  subsequent  work  periods. 

5.  When  the  subject  has  become  adjusted  to  a  particular  kind  of 

noise  or  to  a  special  manner  of  presentation  of  this  noise,  a 
change  of  either  will  result  in  a  repetition  of  the  adjustment 
process,  though  on  an  abbreviated  scale. 

6.  The  effects  of  the  noises  tend  to  carry  over  to  a  small  extent  into 

the  recovery  periods  following  cessation  of  the  work ;  and 
here,  as  elsewhere,  the  process  of  adjustment  may  be  traced. 

7.  When  the  increase  in  energy  expended  during  the  work  is  re- 

lated to  units  produced,  the  effect  of  the  noise  is  still  further 
emphasized;  though  the  fact  of  adjustment  tends  to  limit  the 
significance  of  the  effect. 

8.  In  the  present  study,  no  correlation  was  found  between  the  atti- 

tude of  the  subjects  and  the  effects  of  the  noise. 

9.  No  study  of  the  effects  of  noise  can  be  considered  adequate  un- 

less account  is  taken  both  of  the  day-to-day  variability  of  an 
individual's  response,  and  the  possibility  of  adjustment  to  the 
noise.  At  their  first  introduction,  the  noises  represented  a 
new  factor  in  the  subjects'  environment,  and  one  to  which 
they  must  needs  adapt  themselves.  The  accomplishment  of 
this  resulted  in  a  temporary  impairment  of  efficiency  and  a 
correspondingly  greater  tax  upon  the  organism.  The  prog- 
ress of  this  adjustment  is   controlled  by  the  same  factors 
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•which  govern  an  individual's  adaptability  in  other  situations; 
and  it  is  related  in  part  to  his  variability  from  day  to  day. 
The  extent  to  which  noise  effects  and  adjustment  are  depen- 
dent upon  the  quality  and  quantity  of  the  noises  themselves 
must  be  determined  by  future  investigator.-. 
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